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si?mon i 

tUTftOOUCftOM 


lA 1$78 che tinieed SeatAd CoAgrass dirAcecd thd ^)aeldAal Aeronauelea aAd spaea 
AdblAiatratidA td Invaatigata the utility cS satellite syatemd and space 
tadhndlogy in thd deeeetlon and fnenltotln;; of. oceanic oil spills and waste 
pAlltttidA. ItASA*s ptdgtsym in fesptinss to this directive has included the 
Asnagesiene of the study that is the subject of this tepoift. the study was 
perfexTned by the Cenetal Electric Company, Space Division. 

lA 6ttn» QgJECttVgg 

the sttt<fy addressed the following basic goals that are pertinent to an assessment 
of the potential of space systems and technology in this important application: 

• detextBlnatiOn of the aeasureaent requirements and the end-products 
required by other agencies who are assigned operational responsibilities. 

• Assessment of the present state-of-the-art, adequacy of the current 
technology, and the Advances In technology needed to meet the 
requirements . 

• Definition of the characterlstfcs of a future satellite system that 
would meet the requirements. 

In addition, the study examined che tioccr.tial impact of other space-related 
technologies such ss eoAummlca cions .md data handling > 

1.2 ECDEE 

A broad apectrum of topics were treated In the scudy, ranging from user needs 
to overall system implementation. 
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4s fchd fMSMWttfk o( the study twru the «e<|ulretteAts el the varieue 
ROverrtnentdl usets df deeaA pullutlon date, thus, a vary important part of 

* 

thA study was the eontlAUing dialog hetuean RASA, the 6S Study taan, and key 
teAtesoAtatives of the variou# gooarhmeAt user otgaoitetiona. An assessment 
»>f nrosoAt and ptojaetad tapsbilities to tteet these user retjuiramants necessitated 
a g^«tam snntoach that sought to find realistic system eoncepts for 
utlltslng the current and projected technology. Thus^ in addition to the 
scientific aspects of ramote sensing technology^ the impact of various choices 
In instruments, sensor characteristics, sensor platforms, orbits and supporting 
equipment was also addressed. 

A progression as shown in Figure 1.2-1 was followed In the study. The user's 
needs form the basis for mission requires^nts to satisfy the necessary 
k^owtodse objectives, these, In turn, are translated into measurement re- 
quirements necessary for pollution deteccion and monitoring as well as the 
input parameters to "fate" models to predict the trajectory of pollutants, 
baaed on a technology assessment,., sensors, platforms and other elements of the 
monitoring system are postulated to meet the measurement requirements. The 
selection of viable system implementation, approaches is performed through 
analyses of mission operations and preliminary cost trades. 









1.3 sfimv 

th6 Attsdjr benefltced grddtl^ frdM c't '2 inestddC aitd dMfidttttiofl of a tdfgd 
ednmitiity d£ uurft and raaddvdhars who fitovidod useful edmntent and tedhnlenl 
irtpoes during the euutse of the otudy. ^tircn nany of these peffiOfthel were 
sieAbere of the Ad>ltoc Connlttee an spaee Monitoring of Oil f pills, Masa« 

Ldngley arranged to hold study review meetlnf^s conturrently with Cemimittee 
tteetings, an arrangenent which proved to be very successful in terms of 
benefits to the overall endeavor. Many individual interviews were held 
With experts in various aspects of oceanic pollution and related remote sensing. 
Itonberof the study teem participated in., the 1579 Oil Spill Conference and .. 
other related sympoaia. The following is a partial list of organizations that 
were represented in the study: 

• MASA Langley Research center 

e NASA Goddard Space Plight Center 

e National Oceanic and Atmospheric Administration, Department of Commerce 

e D.S. Coast Guard, Department of Transportation 

• U.S.. Gaological Survey, Department of Interior 

o D.S. Bureau of Land Management, Department of Interior 

• tf.S. Environmental Ptotoctlnn Apeney 

e University of Rhode islaitu 

• University of California, ^■artta Barbara 

• Massachusetts- Institute of Technology 

0 Jet Propulsion uboratory 

• ERIM 

• JBP Scientific 

• Inteta Ettvifonmefital Consultattts 

• Canadian centre for Rerote Sensing 




the Bleettit’ tftudy team eotttnttol *'. ■* eortnuit nt s<'.r/lcen of Tcfcrn Tftch, 

IftC., dlUf6tiil«{ 6d ftBsist 1ft ttlft isxp-jrt UttuosatnOrtt of fcraofec ofinolrft 

t66hnl4ve8 relfttlire to watte dlayosal ffoliutorits. Fc^ldy Aesooiatos, tftc., 
iMBberi ate Iron the OlilVetaity of f eitftdylvania , ptovidod eoft&ulfcntlrn 
aftd aeiefttlfie Uaiaen aeroieea relative to oil ttajeetoty (fate) and inpaet 
inodellftgk 

to all the individuals from the partiaipatlng or^^anlsations, acknowloaRer!c#*t 
Is made of theit ocoelleftt eontrlbutlOns to the proRtaia, and we offer our 
sineete thanks for their enthiialdstle cooperation. 
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SUMMARY OE RESULTS 


• TECHNOLOGY 

• 8YETEM ELEMENTS 

• SY8TEM.-C0NCEPT8 

• RECOMMENDATIONS 
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sficrtoM 2 

stnefAAY OP itfii’utts 


TIM MWUt at the atuay at* timafitet. <‘on!-.(.d'!TUi« tUtee 

. 3 tat. at t«lm«w»y A»lical,U to tto Oroa* Puilatioa wwitoflns Mis.ioa 

• filemeittu of a Posalble MOAitorlitr, Syoteft 
. eoBoapt ot the Syetoos to Rilflll the Beet Re,ulreoe«t» 

2.1 tgCaSOlaOOT 

to laltia tethaology haw ealsts for epaee monilo-lBg of-otl ebUIs and »a«6 
(Mllaunte. thU initial heaellne has Ud to eooarel maaeutln* tachnlviea end 
eeneo. e«cp... ohlch oake nee of ptesent knowledge ot the cherecterletlc. of 
alecttonegnetU teflectanee end enleelon of oil fllae end weete pollotent dle- 
perelona on water. Additional teehnologj- enheneenent is needed leading to e 
better andetetendlng of the environmental effeets on the oeaanrenents. partieu- 
larly thoae related to ocean dynenlca. Much of thl. knowledge c«. only be 
attained through carefully controlled field testing, employing eltcraft, space- 
craft and surface truth Instruments. 

More tethneloglcally advanced than pollution monitoring itself are those tech- 
nlouea reuted to some of the inputs to the pollutant tralectoty models. 

E««»le. of these Meaurements are wind sped a direction, and ocean surface 
temperature. However, in some measurements such as significant wave-height and 
ocean current speed/directlon, a fairly mature measurement technology has limited 
ability due to the inability to provide extensive and frequent spatlel-tempotel 
ooverage using only one ot two satellites. Table 2.1-1 highlights remain aspects 

of thli Wfetaitflflglcdl stdtad. 
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Table 2.1-1 Space Tedmolfl^ Capability Sunsaazy 





















Table 2.1-1 Space Technology Capability Suniiary (Cont'd) 


















A more specific suondfy of mf-asurem6nC tochnolo^^y must consider each Ihdlvldual 
user requirement pdrottetet. The Executive Suimnury, Section IV contains a 
discussion of each of thd main measurenent para-^otern and Its state of technology. 


2.2 system ELEHEWTS 

The analysis of the Various ocean pollution monltorlns scenarios and mlssldAs 
permitted a correlation of the applicability of selected sensors and platforms 
to the various aspects of the missions. This correlation Is summarized on Table 
2.2-1. The primary spaceborne sensors arc as follows: 
e. Synthetic Aperture Radar 
« Pdlntable Optical Linear Array 
e ScattefdiSeter 
e Passive Hicrotoave Radiometer 

• >Ucrowave Altimeter 

The primary airborne sensors are as follows: 

• Side Locking Airborne Radar (USCG-API) 
e UV/IR Line Scanner (USCG-ARI) 

e Lott Light Level TV (USCG-ARI) 

Additional sensors tecommedned for a future airborne system such as Advanced ARI 
(AARI) are as follOtts: 

• Airborne Sythetic Aperture Radar 

S Airborne Passive Microwave Radiometer 

• Airborne RF Altimeter 

• Laser Stimulated Fluorosensor 
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sfttMbtfMie sctudra us^fisl. to cdtrelate ot coo|»3.ettteat dftu froa 
^floaty oohMts ot to i^tovido foeottdaty data relative to pollution are aa folloee: 

e Thematic Slappet 

e n>ltt«>8p«^tral Uaeat Array (narrou auath) 

# Coaetal Tone Color Scanner (narrow swath) 

# Advanced Very fligb Kesolutlon Kadiometer* 

The most mportant-future space platfoma applicable to the mission are the 
National Ooeanic. Satellite System and future spacecraft e<}uipped with SAR, niminally 
that for the ice Processes and dioate Mission. Spacecraft such as Landsat and 
Operational Sazth. resources. -Satellite and Metecrolcglcal Satellites are envisioned 
as providing valuable mission support. 

2 .S— SYSTEM ODWagTS 

The future system for ocean pollution monitoring is envisioned as having the 
following general characteristics: 

# It is an EVOLUnoSARt syst&a, with gradually increased capability relative 
to full attainment of the mission goals. 

e The system elttmats mill he SHARED to a great extent; for instance there 
will not be any dedicated space platform, since multi-mission systems such 
as 7uiS can be utilised effectively. 

e The system ttill use the COMPLEMEKTABY ccpaSilities of ai-bome, spacebotne, 
add surface elements. This complementary approach will be particulaty useful 
in providing the necessary spatlal/tcmpotal coverage over the 200 mile coastal 
zone. A cOaprehetisive analysis of the operational asepets of this coverage, 
using various orbits is included in Section 5.2. 
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A ftOnj^Ataclve attalysid axaalttadl oi:? alccmatlve dystaa cdncayts aaA taalred thasi 
ttBlttg aritetia Mth aa~ east ..jtovarage capabilities, end tiaelifteea of the Ittfonaa- 
tloft^ The oyfcloa eschlbltlag the highest rating utilizes UdSS aad the spececraft 
far iCfiJ as the gyiuaty spate platforms. The latter would contain wlde-awath 
palatable SA& and Palatable Optical Linear Array with 100 meters resolution. The 
polaeability feature was found to be very useful in providing the desired coastal" " 
coverage, an important element of the systen is the centraliied Data Processing 
System which permits data from- many sources to be processes and disseminated to 


the users. 


2.4 HfiCOMMBmATKWS 

Oceatde-lpolltttsioft due td petrdleua aud the dispdsai 6i vustes is a setleue gUbai 
envituuiiieittai^itdbleafthe ebnttdl d£^leh repreeente a ttajor teehndldgleal and 
luatltttcldnal challenge. Asiteats 6£ the problem «here space techaologj^ ean 
contribute include cOnmnmications , ship navigation, remote sensing of pollutants, 
and data management. As the results of the study summarised above indicate, the 
capability to monitor lait ^e oc ean areas syxioptically through space^bome 
inatnflients is feasible. Furthermore, the satisfaction of user needs realative to 

the. locetioii^ extetit, and dispersion of. pollutants necessitates „the cooperative 

coverage by spacecraft, aircraft and surface platforms. 

In order to enable the realisation of the potential of space endeavors in the 
cost-effective satisfaction of the user needs, the following research and develop- 
ment efforts are recommended: 

IHPOBMATIOW FMgACtlON tBCHNlQUES 

Research is recommended leading to the development of techni<iues for high- 
certainty, unambiguous detection and delineation of oil spills and waste pollution 
in the ocean. A isajor part of this effort v;ill involve the building of a 
cod^rehensive baseline of experimental data conceming space and aircraft observa- 
tions of natural imd controlled pollution events under a wide variety of environmental 
conditions. Both the effects of the enviroitaencal variables upon the observation, 
as well as the nature of the..environiftental phenomenon itself should be investigated. 
Due to the likelihood that the ultimate observational techniques will be multi- 
spectral in nature, it is rectmanefided that the field testing be conducted using 
a variety of simultaneous observatiotis in the optical and microwave spectral sands. 
Accurate surface- truth data will be essential to the development of the proper 
information extraction relationships for pollution monitoring. 


OByBKttMENy oy tHSlilOMEOTS fOSL flItdAl) SyATlAt/tfiMgORAL CWfiftAfifi 


PfttdatdCtitf design studies ere redsonmietided oti the types ef spi^g. inserufflent8 tot 
dll end waste pdllutlnn fsonltorli^ that ate Suitable fet-^tequent coverage of 
the 20O n.ttil. coastal tone, the two ptitne instrusients identified In this study 
ate the wlde*swath portable SA& end the Polntable Optical Llndeat Array. 
g<Mke of the peraaeters to be examined in the use of SAR are swath-width, power, 
microwave frequency, and resolution, typical trades will incltide the determina- 
tion of optiumm method of illumination (i.e. fixed vs. scanned beam), number 
o-f beams i and antenna configuration. Results of these parametric analyses are 
needed for the potential incorporation of die ocean pollution mission in the 
future development of multi-application instruments such as in the SAR for 
geological research and tee Processes and Climate Experiments. 

OIL CttftNtlPlCATtOR MBtHObB 

New or improved techniques should be developed for sensing. oil. slick thickness, 
a nmasurement that is necessary in the quantification of oil spills. Htilti- 
frequency passive microwave radlometty techniques for high resolution (e.g. 0.1 
to 0.2 f^.) mapping of thickness dlstrf.bution from space should be explored. 

NEW TECtatiOOBS FOR PAfE-MOPEL INPUT PATA 

A sttbstieute for nadir-altimetry should be found, for measuring significant 
wave height and ocean current speed and direction. A. potential area of research 
here is the development of automated data processing techniques using signal 
returns from sensors such as synthetic aperture and laser radars. 

OAtA HANPLim m COHMftltCAftON SYSTEM APPPoAcHfiS 

^e requirements of the oil spills and ocean pollution tdission are typical 
of many emerging applications where data must be collected from many diverse 
sOUrceSj processed in real-time or near real-time^ and formatted to meet the 



ttSef*8 needs. CMSidemlcm of the pollution stissien needs Is-teeo&mHsnded £6t — 
Inclttsldft in futove tt&l) effects, reletlve to end-to«^nd date proeessing and 
eommuileatldn teehnlques and spstefiis. 

A dteat deal ef the data. cuttently being gathered through satellites such as 
tiros, ttiaiibus, tandsat, and DMSt* would be useful to the users of ocean pollution 
data. Similarly, . sotte of the data from planned systems such as NOSS w i ll-be 
directly applicable to this mission. Thus, the specific data processing and 
disdemlnatiOtt needs of the users should be examined relative to these programs, 
to implement means of making the data available to the users within the required 


time>interval 


SECTION 3 

USER REQUICEMENTS 


o THE OCEAN eOUUnON PROBLEM 
O OEPINdlON OP USERS 

O KNOWLEOOE OBJECTIVES AND MEASUREMENT REQUIREMENTS 

O OIL SPILL TARGET CHARACTERIZATION OP SPATIAL 
RSSOL*mON REQUIREMENTS 


SECtlOtt-3 
USER REQtTiRBiEtrrS 


tftfotfflatiott cottceftilftg 0C6attie pdUittlon ia ot gfea-t ittteteat t6 a Utg6 
degmaAt of the po{»ulatlOA, c!tto to the hatdtd to hutnah health due to 

potential eontamlndtion. of ocean*dctived food tedoutees. in. addition, private 
ooncetne such as cotnmerclaL. fisheries need this data to ensure the quality of 
their product. Similarly, the ocean resort managers, the vacationing public 
and private beach owners are interested in information regarding the cleanliness 
and aesthetic. quality of the coastal onvironment. To satisfy these needs in 
the protection of health and property, the various goverrunentsl agencies need 
ocean pollntlon-telated data in order to discharge the following general 
responsibilities : 

e To prevent or reduce pollution at the sources. 

e .To-eliminate, diminish or evaluate the detrimental effects of pollution 
events. 

• To permit proper planning for the construction of new facilities 

or installations while avoiding potential damage natural or man-made 
resources . 

• To insure payment by tl^o polluter for environmental damage, clean-up- 
costs and legal fines. 


This section of the report deal.o with the user needs by: (1) defining the 

pollution problem and . its severity 11(2*) identifying the key government erganl- 
aations whose responsibilities require the use of pollution monitoring dataj 
(3) stating the tisef requlremetits in ?*erms of the knowledge to be gained and 
the nteastirettertts to attain that knovi,edf»e; defining the scope of the 


observational missions which rro’/ide an operntional stweture for the 
accotsplishment of these measurements. 


PA(JK Is 


Aithoogh the oeeene eevev a gteet i>otel6n (•'v 71%) of the «otld*e duvfaee, 
the cdestal wetete bounded by the eontinental dhelf, where of the world 
fieh oetoh originatee, is only 7% of that surfaoe. Eoologioally sensteive 
regions within the coastal zOne» including estuaries and areas of upvelling 
are Sfiread. widely throughout this coastal tone, furthermore, most of man^s 
activities is the ocean, are conducted within this tone, including the aesthetic 
enjoyment of the coastal environment. Unfortunately, this most sensitive and 
vulnerable area relative to pollution, is also the-area where most of the man* 
induced pollution occurs. It is reasonable to assume that long before the deep 
oceans would be polluted » the .coastal 2one would be thoroughly polluted. 

Such occurrence is not inevitable, and there are signs of sufficient international 
concern about the problem > as evidenced by many international treaties to 
Justify optimism about the improbability of long-tarm catastrophic coastal 
pollution. However, the quantities and types of pollutants dumped in the ocean 
Justify concern about the long-term damage that will be made to local, en- 
vironmentally fragile areaa that conatltute significant elements of our ocean 
resources. 

Well publicised pollution events such as those by the Argo Merchant (1976) and 
Amoco Cadiz ^^^^(1978), while having serious temporary consequences, do not 
constitute the major problem. The larger problem in terms of detrimental 
effects on the environment are caused by the sustained,. rather than the occasional 
rate of fiow-oJ- contaminants into the coastal waters. This relentless 
contamination due to oil and disposed waotes often d oes fl-^t permit time for 
marine biological species in certain regions to tecover from the disruptive 
effects of pollution. 




oil Pdllutlott a££66td matlfte ^eospstdioB ifi tnany ways, generally throuj^: 

(1) eoxlclty^ seeing direetly on the merlne orgenisAti (2) physical eeaeing of 
the organism^ (3) loss of hahlcat} and (4) change in food supply. Other ocean 
pollutanta are lethal to marine species in small pollutant concencrations, while 
others have a debilitating effect characterized by retardation of growth, alteration 
of chemoreeeptlOtt in food finding and mating, abeyant behavior, physiological 
stresses affecting vigor, and reproductive failure (ref. no, $9). Table 3.1"! 
sufflmerizes the major types of ocean pollution and their environmcnial impact. 

ORIGINAL PAGE IS 

OF POOR QUALl^^la 3.1-1 categories of. Ocean Areas and T ypes of Pollution,- 

Effects on Uses and their Duration 


Ocean Area 

Types of 
Pollution 

Effects on Uses and 
Pollution Trends 

Duration of Effects 

Coastal waters (l0% 
of total area; 9$2! 
of total fish pro- 
duction, including 
that from up- 
welling areas)* 

sewage; industrial 
wastes; litter; 
petroletflBi hydro- 
carbons . 

Lining resources 
destroyed or 
rendered unusable; 
industrial uses of 
sea water adversely 
influenced; amen- 
ities reduced; rec- 
reational values 
diminished . 

Msiftly during 
period of discharge. 
Can be short-term, 
in the case of a 
sporadic event; or 
long-term in a 
sustained period of 
discharge. 

Synthetic organic 
chemicals; metals; 
radioactivity. 

Living resources 
decreased or 
rendered unusable. 

Long-term; metals 
and. synthetic or- 
game chemical 
deposited in 
sediments may be 
released for a long 
time through normal 
leaching and/or 
dredging disturbance. 

open ocean (9o£^ 
of total area; 1 % 
of total fish pro- 
duction* excluding 
that from utjwell- 

synthetic organic 
chemicals; metals i 
petroleum hydro- 
carbons; radio- 
activity. 

""inoreaslrtg concen- 
trations in water 
and organisms may 
indicate dangerous 
trends . 

Long-term; duration 
depends on the resi- 
dence time of 
pollutene. 


ing areas) . 






Pollotflng iite AOM tti thA pAYtlMnt 8eaf.lnf:f.«d eoncetnlng the qoantiey el 
fwilttumts inttedueed ibte the eeean eitvirew^etie. 

The seutces el ell pellutletti, eti a weifietrlde he&ls, ate ahetm lA Table 
Out el the total of 45.2 olUion battela-Acnaalty (1.9 hllllOA galtona)* 
about 29.6 hattela Ate due to uneontto liable, noti- 

polAt ot fixed douteea. The temalndev, npprorclifacely 15.6 ailll^to-batrela 
are <** s to ttanstMrtatlon aetivities.. Only 147. of the ttaASpottatloA degneot 
are due to aoeldehtd sueh ae groundlnge, dtraodlAga, and eolllalOAs. The 
rentalAlAg 86% are due to operational activities such as oil tanker tank 
wadhlAg (50.6%), loading and docking activities (12%), and bilge and bunket 
tank puaiping (23.4%). It is clear from these quantities that an operational 
system for isOAitoring oil spills needs to n'nnif’ar many types of sources s 
natural, accidental and incentional. 

Table 3.1-2. Annual Input of Tetroleutt Hycraearbons 

In T-10 Oscan 


Source of oil 

Million 
harrels 
Per Year 

Percent Of 
Annual 
tneut 

Transportation 

Tankers » dry docking, cermiml ope-ratlnns, 
bilges, accidents 

15.6 

34.6 

coastal refineries, ounlcipal and industrial 
waste 

6.6 

14.6 

River Md urban, runoff 

14.2 

31.4 

Atmospheric fallout 

4.4 

9.7. 

Natttfal seeps 

rouis 

4.4 

,A.1 

43.2 

ibo.o 

(source! PrCD Rational Atademy of Sciences) 




waste didpoaei aecountd for a large poreioh of the total ocean pollution input. 
The estioited rate of introduction of the major waste categories in u.s. coastal 
waters are as follows: 
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SdWige Sludge: 4540 ttllUoA kg/ff 

lAdustvial ttftdtei: 1544 nlllldA kg/jrt (Mld-AeluAtie & 6ul£ 

of Hexleo) 


InelAAiratlttB of 27 mllllOA kg/jhf 

OtgAAOchlotidee : 

OoeOA Oucfalle: 7.6 millltm ouble meeoM/ddjL 

( 2740 blllioA kg/yt) 


Ovedged tbiterlal: 31.5 mllUcm euble metevd/yr 


OAe of the me Jot ueete pollutOAte le oetale, the otlglns of which ate the 
oatura-l ytocessos and mihlng practiced. By fat the latgeat portion of (oetala 
ttanapotted lAto the wotld'e ocean (e.g. through rivet effluents) la iron 
(3.4 X 10^ laettic tons pet year), other abundant metal pollutants Include 
man^ese, copper, tine, nickel, lead, molybdenum, silver, mercury, tin and 
antlmot^. Highest toklcity in these metals relative to marine orgenlsma Is 
found in mercury, silver, copper, end sine; which together constitute approxi- 
mately 2% of the total metal input to the oceans. 


chemical industrial waste has constituted a significant source of pollution, 
however, recent legislative restrictions on the dump sites and/or concentrations 
are trading to reduce the hermful effects of these pollutents. *'toxic pollutants 


ss defined by the Clean water Act Ineiu 

Aldrln/Dleldrln; Arsenic; 
ftenrldlne; Carbon tetrachloride; 
Cadmium 

Dlchlorobenaldine 

chlotina ted • ethanes 

Chloroform 

chromium;. Deme ton; 

Dichioroathylenes 

Dinitrotoluene 


Is the following substances t 

Diphenylhydratlne; Cndrln; Hexschloro- 
cyclopentadlane; fithylbensene; 
Lindane; Mercury; Nickel 

nitrobenzene; Naphthalene 

silver; Vinyl chloride 

Acenaphthene ; Antimony; Chlorinated 
benzenes; Chloroslkyi ethers; DDT 

DichlotopropSne and dichloropropene ; 
Halomethanes; ^kllathion; Tetra- 
chloroethylene 


Fluoranthene 


Trichlbtoe thy 1 ene 



PotTflueledt dtumitie hydroearbotts ; 
EnddSttlfan; Him; f^adeachlotdftheitol 

PtieAdl; ACtylomerlte 

AdbdiCtfd: Sertddne 

fietyllluin; Chlorltiated Hdphthdlene; 
2-Chlotapheftdl ; Cfllotophdnols ; 
chltftophttiieHey hetblcidtis Cyanido; 

2 ^•DlehldtopheAol 

Aetoldltt; Chlotddtte; 
lUttOdamirtes; Coppdr; 
dldhldrobenzeftdd ; Guthlon; 

Hdlodthdtfl 


Hepfcaehlot 

rtexach''.or:olMj tadletie ; Meddchloroeyclahexane ; 
Isophcrone 

Mcthoxychlof; KiefopheitAla ] 
patiifrliion; Phthalate fiabets; fCB*s 

SGlc 'J.t>m; P-Dloxitt 

Thalliun, Toluene 

Toxa phono; Zinc 

2 .A-cUmothylphonol . 


Sutttttarlzliig the sevetlty of the ocean l^^.ion problettu the nufflber 5f 

pollutant auhatanees that are harntf"! to the environment,, and the large quantity 
of pollutant material entering in*’o nu*r ^rastal waters suggeata that this 
global problem ranks not much lov.er atmosphoric pollution in severity. 
Predictions of how the problem will develop during the next two decades ia_ 
difficulC, considering all the v.nriablo ‘hnt are involved. Our general 
assessment is that causes of' the problem would not subside significantly during 
that period, and that Its detrimer.tal effects vrill be significant unless the 
proper operational practices and suiveill. n-' v .-’ra instituted. For Instattcei 
although there will.be a decrease in ocean tranc^ortation of foSsil hydrocarbon 
fuels, increased transportation of other chemicals, such as synthetic fuels 
with characteristics. similar to crude and processed oil will tend to compensate. 
Similarly, in the waste disposal pollution area, the improved regulatory 
countermeasures may be balanced by increased demands for waste disposal capacity 
due to increased population and accelerated Industrial development in the 
emerging nations. 




3,2 PgPtWtttOlif Of USERS 

the need for oeean pollution rolatod data derives primarily ftofti federal 
legislation for the proceetlon the coastal environment, table 3.2-1 identifies 
seme of the main statutes that rnlato to this subject, and the U.8. agenelds 
involved in carrying out the provisions of those laws, the following.„6ections 
present a brief description of thn responsibilities of the main users of ocean 

pollution-related data. IS 

iif ! ( l Al-Vll 


3.2.1 b.S. DEtARTMENt OF TRANSFORAtlON - U.S. COASt GUARD (USCG) 

In accordance with the Federal Water Pollution Control Act (33tlECl231) , the 
USCG has primary responsibility for enforcement of U.S. laws concerning ocean 
pollution due to oil and other hazardous substances . Jurisdiction fot this 
responsibility encompassed the contiguous waters and the prohibited zones, and 
has been extended to the 200 miles controlled coastal zone as defined by the 
Fishery Conservation and Management Act of 1976. 


The monitoring task by the UHCG encompasses the following; 

1. Detection and Identification harmful discharges of oil and hazardous 
substances. A discharge of oil that causes a sheen or discoloration 
of the water surface or adjoining shoreline or causes a sludge or 
emulsion to be deposited beneath the water surface or upon adjoining 
shorelines violates the Federal Water Pollution Control Act of 
1972. The- "hazardous substances" include the toklc pollutants that 
were listed in Section 3 . I above . 

2. Assessment of the spatial extent of the pollution events, including 
their areal and Volumetric extent. 

3. Determination and prediction of the movement (trajectory) of the pollutants. 

4. Evaluation of effectl\eness of efforts to remove (ot neutralize the 
effects of) dlscharr-"; d; oil and hazardous substances. 

5. Gather legal nvidynce io normit the prosecution of violators of Ocean 
tollutlon laws. 

The Airborne Oil Surveillance System (AOSS) became fully operational in 1977. 

This svstem carries remote sensing instrumentation (described In Section 4.2.5) 


TAblE 3.2-1 

MAJOR LEGISIATION APPUCABLF TO OIL 
SPILLS & OCEAN POLLUTION 



dtt M IK:»130B ttltetAft flyiitg dil detdetldn |»at»5 ta al^ng the East Coast 
and Gul£_of Keklco. the A0S8 ca^wbiUaias \*lll be e)C|»atided with tha adaebt— 
of the AixbotAe Heaote IhseruffiesttatiOn (ARI) system which will be operational 
itt.l98l (ref. Section 4.2. 5. 2). The Afit syst^.will be flown on six medium- 
range Palcon jet-aitcraft. 


3.2.2 EHtIBDW®nAL PROlSCTlOU AOSftCY (EPA) 


Po'.R 



EPA is the primacy agency administering the Clean water Act, as ananended in 
1977. Xtsjregion of concern in ocean pollution mattera is the nation's 
navigable water, waters.of the contiguous cone and.Che oceans. . tJnder the 
provisions of the clean Water Act, EPA will ensure the reduction and elimination 
of pollution discharges in navigable waters; conduct investigations concerning 
pollution of navi^ble waters; establish and maintain water duelitgr surveillance 
system for inlandJwetecS utilising resources of ItASA, NQAA, uses, and USC6; 
and take action to insure international measures ^.evention of harmful 
discharges by other countries. 


EPA. Supports efforts in response to the National Contingency Plan, which takes 
action in the event of major pollution incidents. That support includes the 
ott*site coordination of activities in response of pollution events or Inland 
waters (except the Great Lakes) in the sane x?ay that USG8 coordinates activities 
for coastal waters andthe Great Lakes. CPA also provides assistance in. major 
oil spills through the "Aerial P.amote sensing Program", which provides aerial 
photographic coverage with a tum-arou^'^i tire of approximately one day. 

3.2.3 PEPAlttMENt OP IWrERlOR/BtJftEAU OP LAI~> MANAGEMENT (BIK) 

BLM is responsible for preparing envirrr.ne-’tal impact statements Which are 
Used as one of the major criteria in granting or withholding leases of off-shore 
areas for economic development. A vital p.^vt of an Impact statement is the 
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pt«dletlon df the ptohdhle demege te thd 6oddt&l dttVltdnneAt in the. event of e 
nejot pollution event (e.g* oil spill due to on of f t shov e oil well hlowaout) . 

In order to~deterBfine the probshle oil spill trdjiietory and daiaege to sensitive 
eoastal arena, a bdseline of-enviromnentaUstetisties stost he-assendtled. This 
data, includes paraiueters such es wind-Speed and direction, ocean currents, 
Significatit wave-height, andUother data* necessary for poljLutabt trajectoty 
modeling. Iteifioteiy sensed..4]ata will be a useful coitplei&ent to detailed, in-situ 
measurettenta, and provide synoptic, repeated coverage of the te<tuired areas* 

3.1*4 OfiPASTHltlT Ot.dimOR - 6B0L06XCA1. SURVEY (US6S) 

In conjunction with the Bltf, US6S is. responsible for conducting risk analyses 
relative to sensitive shore resources. The Water Resources Division of US^ 
has developed a uodel for the determination of the risk of oil spills and their 
ibqpact on shore areas. USGS is a participant is one of the primary agencies 
in the Rational Contingency Rian. 

USGS has perfotnted analyses of Landsat multi-spectral image data under the 
EROS program. Image data from oil slicks was enhanced using ctnuputer aided 
image enhancmnent teehniques. 

3.25 U.S. DEPARTMENT OF COMMERCE - N.MlOKAt OCEANIC AND ATMOSPHERIC 
ADMINISTRATION (NOAA) 

NOAA provides, leadership, research and advisory support in the use- and con- 
servation of ocean resources, its responsibilities encompass the ocean and 
its biological resources through functions such as defining, monitoring, 
eaplorittg, mapping, forecasting, maT»af;ing and conserving. An important part 
of tha research activity concerns the dotermination of the effect of pollution 
Or biological resources and ultimately the fishing industry. In addition, 

NCAA shares the respottsiblity with the uscc for administering the provisions 
of the Plshery Cdnaervatioii and yjnagesient Act, whoch deals with the tSC-miie 
coastal zone. 


fteseateh thae is hl^iy reUvsttt td the oeeatt .pollution mlsslen is being 

ssttied ent in^^euetal SOAA fseiilties. instsnse, the Atlantis Otesne* 

gtaf>iiie end Keteoteloglcal Lsberatoties ic cdndneting a pregram ef spaee 

ebset»atiens of major ocean current boundaries and cireulatlon patterns, using 

data from satellites such as Tires and GOES (ref. No. 83). Another 

exas^la is the uork being conducted in the Environmental Research Laboratories, 

concerning oil Spills and the properties of oil that are relevant in remote 

applications. In addition, the NVJS-Sys terns Development Office is 

developing aiodels for oil-spill trajectory. ORI^T^^*AL PAGE IS 

OF POOR qUAIJTY 

MOAA mas a leadership role in the ’*Naticnel Ocean Pollution Research .and 
Development and Monitoring Planning Act of 1978','. The preparation of this 
national plan for Jiction is the responsibility of the Comuittes on Ocean 
Pollution, under HOAA direction. The special task force includes the folloUlttg 
subcOdnittees: Research and Development, Monitoring, Data and information, 

and National Needs. 

3.2.6 NATIONAL AErONADTICS AND SPACE ADMINISTR^iTlON 

Relative to ocean pollution-activities, NASA has an important supportive role: 
research and development of. sensors, platforms and measurement techniques. 

The Coastal 2one Color scanner's capabilities for oil spill and waste pollutant 
monitoring are being analyted. the LSndsat Multispectral Scanner, although 
not intended specif icaily for ocean applications, has produced images of oil 
spills and waste pollution dumps. 

NASA ungley Research Canter (IRC) bnn performed and is continuing research 
in remote aanslng techniquas for the identification and quantification of waste 
pollutants such as sewage sludge, acid dtsaps and other industrial wastes 
disposed in the ocean. lRC is the center of considerable research development 
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doikeamng uleMiim suett as tha «adlMiatet ssattetoftatet*. afbleh la 

used in tha BCaStttaffltnt. d£ wliid~s|»aed Sttd di«eetidtt. ' 

3.2.7 SEPAfttttonS Of O&fEtlSE; IlEAttH^ EOttCATtON AND UBtfASE; AStl StltE 
The OeO Naval. Kesaoteh Labotatetf develops messuvement teehol^S oil 
spill detaetltm aitd d^htl£leatloii. fot instance^ multlfrequetiey otlcrottave 
teehni<}tfds have heen developed for tneasuring the thickness dlstribatlon of 
oil slicks. DoO also provides assistance through oanpower and ettulpment In 
major pollution Incidents. 

The State Department provides leadership In developing joint internatlotial . 
contingency plans ..^ith. neighboring countries such as Canada and Mexico. 

HEN provides expert consultation and assistance In the assessment of the 
effects of actual or potential pollution incidents upon public health. 

3.3 lamutEpete objectives and MftAStnuO^ffeNT ftSOtJlftEMSWTS 

A survey of user needs eas performed, based on intervl^s with key representatives. 
of the user comnualty, as well .as a review of current user literature. 

Results of the initial surv^ were presented during the first and second study- 
research reviews, and. user inputs from those reviews were factored into the 
final results. Table 3.3*1 suunarizes the results of that surv^, in terms of 
knowledge Items’ which are useful to the various agencies In carrying out their 
responsibilities, the items on this table listed vertically represant what the 
uaers need to know about the pollutant, polluter, of the environment; the major 
users of the infotmetlon are listed across tha top of tha matrik. Although 
there is a large degree of commonality in the requirements among the various usar 
agencies, the manner in which the information is used and the degree of utility 
veries with the usAr, for instance, although item No. 2 in table 3.3*1, 
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TAMJB 3.3*1 

KNOWLEDGE RGQUtREMENTS BY USERS 



ta. EmStSTEH MfORmTHH 


"Quantity attd 8|MitUl Disetlbtttiott" la o£ some relavanea ta all eha agettelea 
listed, the ttain uaev la the U8C6 aiaee It aanatltutea-tha primaty ettfavaenieiit 
agency. Diie to the com^laiBentaxy nature ol. inter »>dgeney resfuefialhllltlea 
regarding ocean dilution, taat^ o£ the agencies need certain Information to 
enable ai^rport to agencies like USC6» .fifA and DOt x»hich have operational — — .. 
responsibility in current or projectad-ocean pollution incidents, this com* 
plementarity accounts for the large contnonallty of knowledge, requirements among 
users. 

Following is a brief definition, of each of the knowledge . taquirsments and a 
general statement about the measurements that are needed to support these 
objectives. 

1. Detection and location of Pollutant , 
the pollutant must be detected as being distinct from other phenomena or conditions 
of the sea. A certain amount of identification is implied in this knowledge, 
since as the pollutant needs -to be resolved from other types of matter on the 

sea surface such as, flsh-oil and emissions ot plant life on the water 
surface. With respect to the location, it is necessary that upon finding an oil 
slick or a waste dump the coordinates of the slick or waste must be known. The 
measurements necessary to attain this knowledge are esaentially the image of 
the pollutant on the water or a point or a series of points within thet pollutant. 

2. Quahtiev and goatial Dlstrihutio n 

In order to determine the quantity in gallons or barrels of pollutant that 
have been spilled it will be necessary to dotcraiifle net only the areal distrib- 
ution but also the vertical or depth distribution of sueh pollutant. It must 
be recogtticed that meesurement of the thickness of the oil slick for instance will 
not determine the total volumetric extent of the pollution since there may be 
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Uyors «£ sttb-dtttfate polluUAts thdc «lll have dlifetfeAt geddame and velodlty 
ehairadterlseicB than the suvfaaa . ^dilution. 

3. ftata 6l Plflttharftg . 

This krtoaledge it&a refers to the rate at which the pollutant la being Intrd^ 
dttced Into the ocean environment.. The itteeaurement can only be perfotdied by 
Inference since there Is no physical observable that can be indicative of the 
rate at which, for instance, a ship in distress is discharging oil. The 
iaeasttreniBnt.-of_xate of discharge can be inferred from consecutive tteasutements 
of the <tuantltgr and spatial diatributlon.of the pollutant. In thla itta^r, 
one can plot the voluaetrlc esctent versus ..time and determine hy the slope of 
this curve what the actual rate of discharge is at any particular time.. 

4. Polltttent Clesslficatlon. Coarse . 

A C oarse Clesslficatlon can be defined as Wie that would differentiate between 
gross categories of pollutants. For Instance, it will definitely define whether 
the pollutant IS oil or sewage sludge, or acid waste, etc. 

5. gdlltttent Claaslficetion. detailed . 

Detailed Clesslficatlon entails the differentiation between the varloua types of 
oil and ,in the case of weste ,the differentiation among the many types of toxic 
pollutants which are prohibited in accordance of the Clean Water Act. It can 
be seen that the detailed claaaifieation of pollutants is a very difficult task 
using remote sensing, for this. reason early in the study a guideline wes given 
to us by ttoSA Whereby the detelled pollutant classification was not to be a 
primary goal for syace monitoring. 

6. Sdurae Loeatlott * 

A vary important kaowledge retjulrement for producing legal evidence is the 
location of the source of the pollutant, whether it would be a ship or a point 
source ofi the shore. Again, what is naeded hera is the coordinates of the 


oil sliek ot waste dasqjL an4 In many eases the telationshlt» between that eootdiaate 
and the vatlous shifts In the vicinity of the pattieuUt pollution event. 

7. Hottdtt and Disoeyalon . 

The enact meaning of this teiowledge is vheta the pollutant is going and how ia 
it spreading with respect to time. The measurettent necessaty to determine 
notion-and dispersion is a se<tuence of areal images with respect to time so that 
the vector and the distribution of’ the pollutant can be determined. 

8 . — Predicted Itotion. Spreading and Shore Impact. 

In contrast with item No. 7 which defines motion and’ dispersion in real time, 
the Predicted Motion, Spreading and Shore Impact deals With- forecasting based 
dn the Characteristics of the pollution and the extent environmental conditions 
such as wind - stress,, and curti^t. The messuren^ts needed for this particular 
knowledge are inputs to the models that define the oil pollutant traleCtory on 
the Surface and id.thln the Stib-surface. Prom these predictions the points and 
areas upon which the pollutant will impact the shore can be predicted. 

9. Optimum Pollution Abatement Measures . 

In order to determine the optimum ways in which the pollutant can be. either 
diverted i^stoppped or neutrellzed, it is necessary that several factors be 
considered: In these fsctors, in essence is a contbination of the above 
items 1 through 8, which defines where the pollution is, how it is moving, 
and what its predicted impact would he. In addition, the environmental eonditions 
at the time are important in this determinstion, since the deployment of equipment 
6i people Will be highly influenced by the type of weather conditions existing 
at the time. 

10. Pradlatlan of Probsbilttv of Damaae to fieology or Prowercv . 
considering this item, there are two types of predictions that are important. 

One of these deals with prediction of dsmsge due to an event that has already 


tteattaA, th« othev ddili with ttu» ^tedutlon d£ a {itdbable avent on ehe baala 
of tho atitlstles of ttaffle wt ^Uucion ovents fob ebat ^amonlar am. Xn 
obdeb to Mke this ftbediotion the-aiotloa and dlabebsion of pollucanta as «elt as 
It .^todloted motion Sfibaadlttg and shobo impaot ate imf^obtanc. Statistics must 
be built cottcebnlttg the wwlro n me nt a l conditions at vablous times of the year 
fob a yattlcular area vhen dealing with predictions of future events. 

11. AssaasiMnt of bamagO. 

Thls -ltes of kno< 9 ledga pertains to the .exa m i n ation, of the extent- of the pollution 
in a pattleularly sensitive area of the shore and determination from the 
knovledge of the sansitlvltlcs, the degree of damage that has been sustained by 
that particulab area. When dealing mlth an area such as an estuary for insUnce, 
the degree of damage is difficult to assess based solely on the image of for 
Instance the oil sllckand Its impact upon the short. Other factors ate very 
Inqwbtant here, for Instance, the degree of misting of the pc* latent In the water 
and t he of p ollutant that adheres tO the ocean floor. 

12. fieoloaioal tnfotttatlOtt . 

The type of information required here deals with the environmental conditions 
that are pertinent to the sustenance of marine orgenlsms. Including fish, and plants. 
The meesurement of chlorophyll content, for instance. Is very Important In this 
knowledge obj active . Also important is the degree of turbulence end mixing in 

the ocean. 
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Meaautemeftft Radiilremenfia 

tha ttaaattMnants uaeesMvy to saeiafy the fenevledge objeetivea trete devieed £rom 
* & dialog with the-ttseifaH. thia tMa an Itetaelee ptfoeeaa« aheteisutho initial apeeifl- 
oation, baaed on diseuaaiona, analyaea and doeuftentatlon^ eaa eeviened by repveaenta- 
tlvea of the uset eoBftttAlty and the teaelta of that tevlew wete Incotpotated in 
the final apeeifloation. the teqeltements of the mioea agenelea are generally, 
repreaented by those Of the OSCG, USD! and KCdA, alnee the reduirenents of these 
agencies cover the range, including pollution law enforcement, planning for coaatal 
mineral resource utlliaatiott, and protecting the coastal marine environment*.. 

PfeQtmUBMBhtS St&ClflCatlON 

Teble 3.3-2 Shows the compilation of the requirements of the various users and 
repressttts the most stringent specifications for each measurement parameter. The 
parameters, numbered 1 through 23 belong to three general- categories: 

a. Oil pollution characteristics, such as areal distribution, classification, 
etc. 

b. Waste pollutant characteristics, such as spatial diatrlbueion, concentration, 
etc. 

c. Ocean and atmospheric conditions which detetmitwi the motion and dlapersion 
of pollutants; t Se relate to winds, ocean currents, waves,, air-water 
interface temperatures, etc. 

the "MlsaiOtt Typo*' 3.3-2) refers to the following generic categories 

of ocean .pollution missions : 

(a) Surveillance and Monitoring - includes search and detection, of pollution, 
and tracking of the pollutant after detection. 

(b) Modeling - includes the measuring of parameters for oil tra.jectory 
modeling and building of etivitoftmentai data bases. 

the measurement requirements corresponding to the first four parsfaetets (Table 3.3-2) 
lists tt#o sets of specifications, one for each of the types of missions in (a) and (b) 
above. Ute detailed mission analysis ts suntmarized tn bection 5,1. 
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S6VdMl deftttltlons thit my bd useful in che ineefpifBtatibii of ehe meaeuteneftc 
re<(ttlveimeucs In teblo 3.3»2 afdi 

a. ’’Aocuraey'* tefets to the range of deviations froai an absolute reference. 

b. '^teeciaiott" refers to relative accuracy. 

A. ^spatial resolution'* is the dlataeter of che object that can be resolved 
In the image data. 

d. "Preguency" refers to how often the measurement must be performed over 

the 200 mile coastal rone. 

e. "Oats Delay** is the permissible delay between data acquisition and 
availability of the data to che user. 

At this point) it may be well to clarify an important aspect of the requirements: . 
the spatial region. jCvoltsae) within which knowledge concerning the extent and 
movement of pollutants is needed. From the point of view of areal extent) the 
region of interest (as stated previoualv) is the 200-mile '* controlled** zone as 
established by the Fishery conservation Management Action of 1976. 'fiieoretlcally 
the depth of interest is from the surface to the sea floor, principally in the region 
of the continental shelf, this is due to the fact that sub-surface transport of 
pollutants ) including oil, is significant. (This is illustrated in Appendix C* which, 
shows calculated trajectories aud areal extent of surface aud sub<>surface oil.) 

From the point of view of remote sensing of pollutants and the "model** parameters* 
the concern is only with s urface phenomena, since that is virtually all that can 
he monitored. From these surface measurertents , however, some of the sub«surfaee 
effects are inferred. 

An initial review of the meesurement requirements highlighted two areas of high 
potential impact on a space-based monitoring system: spatial resolution and sSfBpling 
frequency. Specifically, the resolution reqttirements for determining the areal 
distribution (extent) of oil spill.’, etxl v;asto pollutants require relatively fine 
resolution, ranging from io to 30 meter;-. Regarding temporal coverage, the frequency 
of coverage ranges freiffl two to eight fmos per day. These coverage -related requirements 


wef6 foutid to l»e sufficiently stringent to rec{uire special examiAation in the 

light of pfaetical implemerttatlon approaches, ORIGINAL PAGR IS 

OF pool! OUAIJTy 

through dialog with the users, it v;a8 detomtined that the ceverage retibiredieAts 
were flexible, that ls< the offectlveness of the space fteasureffients related to 
spatial coverage do not decreane abruptly as we depart front the ideal or most 
stringent requirement (e.g« 10 meter resolution). This requirements flexibility, 
concurred to by the representatives of the user cotununity, enabled three important 
analyses in the study: 

(a) fistablishfflent of effective (or reasonable) spatial resolution require- 
ments, based on the percentage of significant pollution incidents able 
to be acquired, (Reference Section 3.4). 

(b) Determination of the area coverage that is possible by utilising the 
orbits associated with existing or planned spacecraft such as hOSS 
(instead of idealized orbits for hypothetical dedicated spacecraft). 
(Reference Section 5.2) . 

(c) Determination of the optimum role of aircraft sensors and spacecraft 
sensors is in meeting the coverage requirements* (Reference Section 3.1). 

The results of these analyses, from a requirements polnt-of-vlew, can be summarized 
as follows: (1) Spatial resolution goals of 60-100 metets from Space were found 

to be reasonable, considering the Iifgh percentage of significant oil spills that 
will be detected in that rar;a. ( 2 ) Coastal coverage of ottce a day in a large 
portion of the U.S. coast and tt/ioe and three times a day in selected portions of 
the coast ate possible ascumin;; :ho use of existing or planned spacecraft. This 
constitutes a great improvemei.!: present capabilities and would be of significant 

value to the usets. (3) A ’’ccmpl mentaty" approach utilizing the best coverage- 
capabilities of aircraft ai:d s';a; n ':aft Instrument would be optimum. This approach 
combines the synoptic coverage of all-weather space-borne sensors With the detailed, 
higher resolution coverage Of airborne sensors over high density traffic shipping 
lanes and any gaps in spacecraft coverage. 


3.4 OIL SWLt fAflCET CttAftACTERIZAttOJT FrtR SPATIAL RESOLUTION REQUIREMENTS 
F&detal law Inlpoaes exttamely challetisinc - but at tlaes qualltatlvaly-de fined - 
tfbjectlvda (M those agencies c!-atged with narine pollution siOnitariAg and eitfotciitg 
the law. (Referaide 10) The genetal result is that some of the user fequirements 
of Table 3.3-2 are based not on the Federal law directly but on an intetpretation 
of the wording of one or more laws, taking pany other factors into accoxmt.. .The 
shape and site characteristics of illegal o5.1 spills are the case in point of. 
this section. An e^tample of the problora is that the Coast Guard, In procuring 
remote sensing systems to monitor for illegal marine pollution, must state 
specifications based on indefinite guidelines prohibiting pollution which causes 
"any visible sheen" on the water surface. 

The following sections are based on research into the types of marine hydrocarbon 
pollution that ane tatgets for tefiajte sensing systems: investigating the rate of 

occurrence; cumulative pollutant volume; and causes, mechanisms, and fates charac- 
teristic of the different types. The objective of these analyses is to quantify 
from these basic facts the spatial characteristics of the different types of oil 
spill targets and weight them according to their priorities as system targets. 

3.4.1 Operational Discharges 

type of discharge applies to the type ot tp'.ll made deliberately (and therefore 
not reported) by a ship while underway. This ^rould involve the dumping overboaCd 
of an oil-Watet mi:<tute either from tan’-, - a. ' “g or from bilge pumping. Tank 

washing includes washing of "empty" oil car^ t on tankers traveling in ballast 

or "empty’* bunker fuel tanks on any large phio It may put on the order of 

hundreds of gallons of oil per minute into the •. I’.cr. Bilge pumping will contribute 
a substantially lower rate of oil pollution — ranoin; from on the order of a gallon 
per minute for engine oil leakage into the bilges o.i ^r.all boats up to tens of 
gallons per minute for large ships - particul-arly with leakage from large pumpinc 
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svstems. 


flguvd 3.4*1 Id d..good eumple of a tank waa) Lng dischatge {>hotogra{>had by an aiteraft 
ayseaa daveloyad tot oil sfill stncveillatica by the Swedldh coaat 6uatd <ttaf. 10). 

A feo-^ointa &t& made fet future use on this type of spill. 

a It Is long and nartoa — and hence can be called a linear 
feature for pattern recognition purposes. 

|L Its length grous primarily according to the ship velocity (with Some 

secondary perturbation due to sxirface and near surface currents and surface 
winds aligned with the ship motion). 

g Its width has stabilized (on the order of 1 to 3 times the ship's width) 
shortly after discharge, and appears to grow more slowly thereafter. 


FIGURE 3.4‘li A v««Mel intoatty 6l«anlno !»* »*»'•« *•? 

(photo tak«n «lth the hancMieid eaifiora) (Extracted from Ref. I) 








• Ihe eohtUittlty (uabtdfceimesd) oi the sliek depetuie on eevetal 
faetora, including discharge tate, ship speed, sea state, and type 
dt oil. 

e As discussed later, . the majcr part, (thin portion) cf a spill area 
spreads as a power of time since spill (exponent of 
0.6 from NkL tests) . (ftef . 2) 

the foUnwing table shows some typical parameters on different ships whose 
discharges ate of interest (Ref. 5): 

Type of Shin Width (m) Speed Ckts) 


Vice (very Large 

>50 

15-25 

Crude carrier) 


Tugbeat 

10 

10-15 

Pleasure Craft 

< 10 

10-15 


The analyses which follow are intended to bracket oil spill detection 
system targets for operational discharges, from the largest (VliCC tank 
washing) to the smallest (pleasure craft bilge pumping). 

3. 4.1.1. VliCC Tank Washina . oil supertankers. carry, tens of millions of 
gallons of oil and references (18, 25) indicate that the oil portion of tank 
washing *'s lops'* can amount to 0.4% of this volume (40,000 gallons or more). 

The following assutASs this is pumped overboard at a rate of loo gallons 
per Minute. Figure 3.5-2 illustrates the assumed spill growth geometry wherein 
ittltlel area growth is lihear (proportional to time) until thickness of O.Ol mm (10 
miCromec.ers) is reached. . After time tj^ the area grows proportional to the 0.6 
power of time (the '‘spreading index" from Ref. 7 pp. 63-64). Thus, if we 
assume a V1.CC speed of 2s knots , the target length grows at : 




• 46306 fli ■ 111 tt/mltt 
hdiw bdut: 

Since the sj^lll.etea Is related td the average thickness by: 

Area (In *» Vftiume (m aal) x 3.7S , 

thiclaiess (In ttim) 

at ti, the tia» taken to spread linearly to a thickness- of O.Ol mm, 

» Li X « 111 W, » 100 X 3.t8 

2 0.01 

« a Wj^ ■ 98 m 

That yields a width about twice the tanker width at which gravity-viscous 
spreading at a rate proportional to the 0.6 power of time takes over. Since 
the spill length IS bounded by continued discharging, the width Will grow 
after tj^ aa time to the 0.6 power: 


W. (meters) 

Time (min) 

98 


149 

2t{ 

498 ' 

I5ti 

1143 

60ti 


Assuming tj^ Is 1 minute, this target would be 772 m long by 0-98 m wide after.. 
only 1 minute, and over 10 km long by as much as 500 m wide (varies according 
to distance jjehlnd ship) after 15 minutes. The areal extent at 15 minutes 
can be. calculated as: 
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Wt + !«i IZ 

2 __ Lh 1.6 


• w — 

Te 

- 


» + Vtt^ (t^‘^ -tj^^-6) 

2 uTti 

- 3t»800 4- 75.600 (15^*^ 

1.6 


3*589,268 m 


tot 1500 galloiis that indicates an average thickness of a coui>le 

♦ 

ittictotttBtets (.00-16 tta). which should be exatnined for validity, the .work of 
tollinger (Ref. 7) and Troy aad-Hollinger (Ref. 5) at URL has led to the 
following points related to spill thickness, area, and spread rate: 

(1) ifost of. an Oil spill (90% or more) is concentrated in ’’thick” 
patches (on the Order of one mm) in less than 10% of the spill 
area; the remainder is very much thinner (on the order of 1 
mtcrometer) . 

(2) Based on numerous tests, the spill spreads with time at a rate 
proportional to wind speed (see Figure 3.4-3 from Ref. 7* p. 123). The 
steepness of each spill's growth curve is the spreading .index used, 
above and ranges from about 0.6 for calm days to 2.0 or mote on 

very windy days. An indes of 1.0 fits the 10-15 knot wind range 
and equates to area growth directly proportional to elapsed cifl»{ 
at 2 mlfluces, area twice as big as at 1 minute* etc. 

Relative to the first point, the average thickness of a 90% thick/ 10% thin 
««4li is lo micrometers (0.0 1 ram) which is in line with the NRL test results. 
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ire 3.4-3. Spreading of Point Spilln (Oil) 
(Extracted from Reference 7) 

VDlnme of eaetr eplll uaa In the SOO-430 gallon, rat^. 





We use this fte tbe...asetage 8pJ.ll thlckneds whea gfevlty-vldcdttd 
spteadittg begins, since a-dlscbetge o£ an oil-water mixture while undetway 
(onr target) is much Uss UkeXy to produce "thick!! regions (a/ I tan) than 
the point Spills of the URL tests (full atrensth oil pouted in the-^*ater while- 
standing still). Also» we assume the th:lcfc?ess of operational discharges shortly after 


is better represented by the **thin" regions (z*' 1 micrometer) 


of the WRlt tests.- 


Therefore, the above estimate of two micrometers average thickness. 


after 15 is credible for the assumed spill rate. The relationship 


of-thickness and width to time from start of spill is shown in Figure 3.4-4 for 
three values, of tj^. Several points can be noted from that figure: 

o A Slower ship or increased spill rate will result in greater target 


width. 


o Shorter or longer linear spread tlnms affect the timing of spill 
growth more than the spill geometry; slower. Initial spreading 
(longer results in slower spreading throughout the spill lifetime. 


o Shorter t^ results in mote rapid spill thinning; for tj^ • 30 

se con d* I thickness la down to I micrometer only about. lO minutes behind 
the ship. This eguetes to shorter lifetimes for an unbroken sheen or slick. 


for roug^r seas, significant etosswinds, or a stiff headwind, the "neat, 
continuous” long and narrow spill would be broken up in proportion to its 
diseance (and/or time) behind the ship. 


i«el. u ng«*» 3 ‘4-1 “ ‘ 

Mteimtt. ttlhln th. »«ig« ol eh« pitaMctic varutlems Shot.* 1« Ftgut. 3.*.4. 




AVERAGE THICI 
Oim): 


• <r: 


SHIP SPEED e 2S KNOTS 
SPILL RATE 100 GAL/MIN. 


INCREASING V 


DECREASING S 

\ 

Dr 

KEY 


TIME FROM SPILL 
START IN MINUTES FOR 


T^o IMIN. SO SEC. 

2 MIN. 

O □ 

A 


DECREASING V 


INCREASING.^. 


MAXia^UM W!OTH OF SPILL (rrt| 


Figure 3*4-4* VtCC Taflk WasHlhg Spill Chafdcteriatics 
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it-la thettfotd eatie laded ehee <1) the eoellest dlttettfilott o£ a tUSC teak 
waehlng e ptll «tll oat be lese theft 100 oeteta (attaifted niehlft 

about- a minute); .(2) this dlneftsiOft mill gteu as discussed above to 500 
ot tfute meters tsltULn about 15 mlttutes; and (3) the overall target mill be 
a^-long ftatreu linear feature. 

dllfte Fumotne . As discussed above, bilge pumping is another 
routine operational procedure which- adds oil to the ocean from ships of 
all kinds and sites. As reference 31 states: *H)il leakage is constant inside 

any ship's machinery and bunkering spaces, lubricatin a an d hydraulic oils 
drip from wom gaskets and areas of heavy lubrication. Fuel oil cen leek 
from valves and connections of the lines that -bring it from the bunkera to 
the machinery. All of this accumulates in the bilges with whatever water 
has leaked into the ship and the lot has to be pumped out from time to time." - 
It is not hard to envision tens or even hundreds of gallons of leakage getting 
into the bilges- — depending on ship size, state of repair, length of cruise, 
number of pus^s, and other factors. Pumpins this- overboard rapidly (to 
avoid deteccionX could at times put_.10 !>allnns of oil per minute into the 
water for tens of minutes. Using a 10 gallon per minute spill rate and the same 
essumptions as in (art 1,. the oil slick would grow as described here and illustrated 
in Figure 3.4-2 above: 

l£K6Itt: V (Ship Speed) - 25 Knots - 772 m/rnin 


wunut 

Area • 


AsflUffiiftg a linear spread up to as above < 


V X tjx 


iO X 3.7S X t. 

0.01 


• ■ 10 m 
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thtt projected «ldth at le Irtvetsely ptepti^ticttel to the average thickitese 
aaeumed. tf it veri. «. filcrcmeeec (10 tinea thinner) , the width would be 
loo nt bet that would probably result in too thin a slick to last as an 
I ^ittbtoken viewable target* Therefore, 10 meters will be used aa 

[, As in Part 1, beginning at tj^, the 0.6 power of tine spreading rate dowittates 

and the length is bounded compared to the width* Therefore, the width and 
thickness over time will be: 


Approximate 


Time (Mn) 

W fm) 

Thickness (tea) 

1 

10 

0,01 

2 

15 

0.006 

5 

26 — 

0.003 

13 

30 

0.002 

30 

73 

0.001 

60 

114 

0.0007 


By the time the width gets Into the 100 meter range, the thickness is dropping 
below 1 microneter. figure 3.4-5 shows the width- thickness-^ time relationships 
for' the case Just described as t-rell as for slower ship speed, greater spill 
rate, and diffsrent tj^. The resulting curves support the following con- 
clusions. on bilge pumping spil.l targets: 

o for speeds charaeteristit ef large ships (25 knots) , spi.ll rates 
of 50 gal/ttin are needed to attain spill widths in the 100 meter 
range. 

o for speeds characteristic of pleasure boats (15 knots), spill 
rates (^30 gsl/ttin) yielding widths in the loo meter rettge ere 
probably too large to be typical. 

0 In summaryi these targets will range from lo to IQO meters wide 
for small ships and newer (less leakage) and/or faster large 


w, 

f 
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tfhlpdi up ter gfl cd hafl4p adfl tuetags wide iot latgfl ships# aspeelally 
l£ they af8 eldet atid/or have tnany pwpi (more leakage)* 

3. A. 2 Aceidental Dlsehatges 

tti cofltraet to opetatlofial dischargee, spills are ’'easier" targets primarily beca(isei_ 

(1) they are much niore likely to be reported# whieh greatly 
slit^llflea the target detection and location process. 

(2) Usually the spill rates are higher and/or the ship speeds 
low or zero (collisions, groundings, leakage while decked, 

etc.) . 

our analyses will treat these spills as point spills of two shapes: 

« circular, growing radially 

- elongated, where the length grows as width to the 1.2 
power (to account for currents and winds) . 

Accidental spills while underway from Inadvertent leakage ate relatively too 
small In volume to be considered here, but are analogous to bilge puftplng 
spills of very low rates (^1 gallon/minute) . 

The else of an accidental spill target is related to the amount spilled and 
average thlcksess by: 

Asea.(m^) “ Volttme_ (sal) x 3.78 
Thlcluiess (mm) 

The smallest dimension for the two geomatrles considered Is: 

CIRCULAR: diameter « 

ELDNGATED: average width “ A 

(from A » IW; L « W * ) 



the relationships among these key parameters are Illustrated in figure 3.4“6. 

T^loal spill statlstloa must be considered In using these parametric 
cwsea. The-MLuork (ie£erenees 5 and 7) shews point spills in the 500- 
gallon range reaching average thicknesses around O.I ttm within 15-30 
minutes (see figure 3.4-3) and thinning out to the 0.^ mm range within. 1-2 
hours... conclusions support O.OI mfii as a typical average thickness 

for point apllX^th thick (millimeter range) and thin (micrometar range) 

^ ereae. Area athl volume statistics from other sources (e.g., reference id) 

slso fit this 0.01 mm average thickness range. 

Therefosm, the following inferences can be drawn from Figure 3.4-6 as to 
accidental spilt targets: 

0 Spills of 200 gallons (circular geomatry) or 500 gallons 
(elongated geometry) will attain a minimum dimension of lOO m 
within about 15-30 minutes. 

0 Oiven-an hour or two to. spread, most spills will have a mi niwtmm 
dimension of 100 m or more. Exceptions may be: 

- small spills «70 gal) 

- thick spills 0.01 mm average thickness) 

- unusually elongated geometry 

- coo&bination of the above. 



% 

o 
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Figiure a. 4 -6, 


3.4.3 Sttddsty d€ TAtget SpatKl ChittctAVlstles 

the tsetilte .o^ these eueluoies eire illttstvated In Flgturee 3 .4*7 attd.^.4-6 for the 
*hlgplieet esobebility tj^es of spills. Itote that isost significant accidental 
discharges of oil .reach a width of 100 meters or more in., less than tt»o hoars 
from the spill incident. Moreover, operational tank washing and a large per- 
centage of bilge pttt^ing sltnations also provide spill targets of width 100 
meters or more* the ig^lteation. of these results Is that a relaxation of the 
10 to 13 mater resolutiotL.re<ttflrements. for oil spill mapping may be..appropriate; 
this possibility!. iji explored in more detail, in the System Options portion of 
this report. 


i# LAhQi OfiTANRgftO 
|«URC3£5NiPgU«lldmg 

0 OLOtP. SLOWEtl 
URGS SHIPS 


OSMAU CRAFT 
O NS*W, .f AST. LARGE SHIPS 

; I 

r I 

^ ^ . . Or , - m 

0 :0 so 100 1000 

1RN VlflOtH (METERS) .... 

(GENSRAaY A LONG MARROW PEAtURE IN TMS SHIP'S WAKE) 
figure 3.4-7. Spetial Oharacteristlcs of Aecldental oil spills 
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0-MlNiMUM 0tM£N3lOliMMttEtt8) 


• tYPtCAav CtACUlAR OR SLONGAttO PSATURES 

• OIMENRIONS AFTER AN HOUR 

flgttttt 3,4-8. Si>Atidl C^tactArlstles o£ Intehtiooal Oil Spills 
(Opexatiotial DischAtges) 
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SECTION 4. 

ASSESSMENT OP CANDIDATE SYSTSM ELEMENTS 

• SENSORS AND SeNSORItCHNIdUgS 

• PUTEORMS 

• SUPPORT SYSTEMS 

• DATA SYSTEM FOR OCEAN POUUTION MISSIONS 


seCttDN 4 

^ . SESSMSm! OE CAMCfiAYE. . EYStEH .EIEmtrtS 


th^* nf trha &g||,licablllcy 6i spaaa teetmoldgy to tha Otaan Eallution 

H lagtoft ttaa patfottoed ralatlva to curtent and future eyateift alankenta aueh aa 

aansora^ platfbtffis and support systems. This focus on aystera alaments rather — - 

than, the underlying theory of detection was chosen to permit a realistic 
eyeluatlon of present attd^ro jetted capabilities, performed within the content 
of evolving earth observation systew capabilities* 

T bt j section deals with that assessment, primarily with respect to sensors 
and sensing techniques, then with»J:espect to the platforms and support systems 
that will permit the o perat ion of these sensors. 

4.1 SfeWSQftS AMD SEttgaifi TfiCmtlQttlSg 

This section deals with the analysis that leads f rota. measurement requirements 
to the determination of Which sensors and sensor characteristics are best suited 
to the performance of the measuremonts . As a prelude to the detailed assessment 
of sensors I a brief summary is presented of the state of the art in- measurement 
technology relative to each of the measurements required by the users, this 
generalised discussion, found in Section 4.1.1 serves as e framswork for the 
sensor analysis, which considers specific sensors and assesses their suitability 
and. characteristics in the light of parallel considerations of missions and 
Operational constraints. 

4.1.1 MBASOBEMEht tECHhdliOdt ASSESSMEEl 

the State of technology relative to the measurement reqiiitements was assessed 
bn the besis of discussions with teaoti sensing experts during the study 
research reviews, personal interviews with key technologists, and literature 
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resttAtetl^ the te^hnolegy ae^eecs of Che teqa&r^Ots items speelfled in 
SectiofL J«A.l ate dldcttssed in the pataataoH s that follow. 

Oil Seill Ateal factettfc 

Offi^eal teoltal(t<iiea ate beleg develO|»ed for deteotlng aed tta^plng the. estteat 
of oil e^lla; these employ radlatiee contrast in the visible spectrum and emission 
fft ff itt thermal channels, teats have shm« that the reflectance of petroleum oil^i 
ls,.di£fetent than that of water* the diffuse reflectivity for an oil slick 
being lowet and sjpecular reflectivity higher than the surrounding V7ater. tn 
thermal infrared region corresponding with the atmospheric window (8 to 14 
microfaietet) the emittaiice of these oils is higher than water. 

Synoptic mapping of oil slicks using optical techniques has shown its potential 
in t*to mission araasi- (1) nsonitoring the pro. 7 ress of large spills, and (2) 
corroboration or filling in of gaps relative to all-weather microwave data. 

imagery of the Say of Canpeche (ECIOC) oil spill, using Landsat, inOS 
and Coastal Sone Color Scanner (CZCS) imagery has demonstrated that the pctentlal 
utility of this monitoring technique is in providing a synoptic map of the 
entire oil spill area, for an example of CZCS imagery, see figure 4.1-1. in 
mission applications requiring repeatable, frequent, wide-area coverage, the 
main disadvantage of optical techniques is Che limitacion due to cloud cover. 

In .addition* the aatellice data of oil spills obtained to date seems to be 
highly Sensitive to sun-angle. Since adequate reflectivity contrast seers to 
be limited to the sett glint area of the Image frame, the coverage swath -width 
from a satallita la correspondingly constrained. Figure 4.1-2 illustrates this 
dependence on sun angle relationship; the figure shows three liftos images in 
the visible spectrum* during three consecutive days at various sun angles. The 
only Image ahewing the uttoc oil spill clearly is the one where the sun glint 
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ElgUi© 4.1-2. SecJUfence of tfROS Imrtget?^- ShowlnK Effect of Sun 
Angle ott Oil Sj)lll Image 

(CentWil Flguf*e Shows Oil Spill w hen Sun Glint Is 
Olreetly (Aerhoad) 
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is oettteted nedr the of the hplU, 


in the nictdvave p.dttiod o£ the tpeettuia, the ptttnaty pheftdiiieheh that is 
ekjt^ited in the dellneatlcui of oil spills is the supptesslott of ^itnd-diriven 
eapillaty waves due. to the presente of the oil film on the watet.. Bisses of 
oil slicks have been obtained using airborne, real aperture radars by the U.S. 

Coast Guard (A08S Oil Surveillance Detection ftadar) and the Swedish Coast 
Guard. Experlaeiital tests, using eontrolled oil spills, have been conducted 
by the liaSA and EkIM. Figuro V.l-3 in an ejtamp.liLjpf the airborne imagery ob- 
tained through the use of an I>band e:'perimental synthetic aperture radar. 

Quantitative data has been obtained by the Canadian Centre for Remote Sensing^ ^ , 
oii the available signal contrast using microwave techniques to monitor an oil 
spUl. Specifically, the testa showed that the suppression of the ocean back- 
scatter crosa section tangos from 7 dB to 12 dfi for incidence angles (referenced 
at nadir) of 30“ to 55°, and becomes negligible at incidence angles belot-; 10°. 
figure 4.1-4, obtained from t!io aforementioned CCftS/NASA tests, illustrates the 
effect of incidence angle on the backscatter suppression. 

Still unresolved is the problem that other, ocean dynamic features such as wind 
Spills cause a similar suppression of the capillaries and thus create ambiguities 
in dlscrlalnetittg true oil spills from other ocean surface phenomena. Examples 
of these ambiguities have been observed in Seasat-SAR Imagery over the Santa 
Barbara channel* where natural oil seepage forms oil slicks of resolvable 
dimensions, figure 4.1-5, a mosaic of SAR imagery obtained by Seasat over the 
coastal region near Santa Barbara, shows a great abundance of ocean features. 

^ese emblgultlis can alao be observed in SAR-lmagety from aircraft, particular! • 
e high ratio of the area of the surrounding water to the oil slick is present, 
it is our assessment that research testing relative to this phenomenon cculc. 
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^igui^e 4.1-4, Backscatter .'uppreasion Due To Oil 
Measured Various Incidence Angles. 
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detemiifd whether: (a) differences in the signal level, dynaaic characterlstlcfi, 

of geeaetfic pattern between oil spills and oil slicks can perwit adequate dis- 
crimination) or (b) the characteristics and random occurranee of these surface 
phenomena are such that an adequate frequency of false alarms Is not feasible. 

Important elements of that research are: (1) gaining better understanding of 

the ocean dynamic features; and (2) performance of tests Using controlled spills 
ot taking advantage of known spills under various wind and sea state conditions. .. 
f eating is required both from aircraft and space platforms, to determine the 
effect of altltude/synoptlclty on the detectivity of oil slicks. 

Oil glim Thickness 

'fwD techniques for measuring oil thickness, passive microwave radiometer and 
laser fluorescence, are complementary since the former is useful In thick oil 
films (above approximately 0*1 mm) artd the latter la useful In thin films. 

Using passive microwave radiometry, the region of the oil slick exhibits a higher 
brightness temperature than the surrounding water; this increase Is dependent on 
oil thickness. NRL has developed a multi-frequency technique to eliminate am- 
biguities In the brightness versus thickness function. (References 6 and 7) 

The brightness temperature due to an oil slick varies wlth-oH film thickness. 
Since the dielectric . const a nt of oil lies between that of air and water, the 
oil film behaves as a matching layer between the intermediate air Column and the 
sea. This accounts for the altomacing, oscillatory relationship observed in 
brlghtneas temperature as oil thickness is increased. Emission amplitude is a 
maximum when the film thickness equals odd multiples of a quarter Wavelength of 
the emitted signal. The oil thickness at which the first maximum occurs and 
the separation between maxima vary with frequency, as depicted in Figure 4.1-6, 


6 3 


thus poaalbU the tthaabigofittB detetnlhatloft o£ oil tthldmeon. NBL hfts 

detfltttiiked that tditae fte^^uetieios ata suffitiebt to aaaattta the thlekbaaa tattge 
tton ap^tobiiittCBly 0*1. to 3 ad nllliJiiateba. 



Wgure 4.1-6. OScillatorv RelatiottshitJ Between Microwave Brightness 
TOttnoratUTe and Oil r.iickness-- (Data_£rom. J. Hollinget» naf. 7) 

tho dtata of the art lb passiva dietowava radiofliaears - at least for the «ebt 
deeade « «iU ttoe permit the types of resolution re<|uired for this deasuretMnt, 
due to the iMltlo'hUbdred niter aatehhas required so actalb IS ot over 30 ntiter 
resol(itlotl4 The tithblque is suitable, hi ever, for neasurinent frets airtrafe. 
Future projbdtlobi for nulti-nlsslcn space platfonss say peraic the incerporation 
of large radiometer antennas for this and other apc.ications. 




Aa In the 6^e o£ oil tblcknosA-tteaBureneMs. Wltb-oletoWflivo tadlonetBrs, tshe 
a^piloation may ba feasibla ottiy when lavge epaj|s_plat£otm8 ate in opeje^tlon. 
Bofch taohni^nes ate oonaldeted-vical to sueoeodful quantification of oil spills 
ftom altoraft based sensots and-gegnltre contiiitued develepm eftt . 

dll Spill Classification 

Laser fluoreacence.Jias been suecessfully tested In. the laboratory and from low 
altitudes to discriminate oil froduwater, and to classify among various oil 
types I ^ Specif tcally . tests have been conducted to measure fluorescence char- 
acteristics at different wavelengths. For instance, by measuring the ratio of 
<wn'^g it4nTm St two different ■ frequencies , gross classification of oils 
has been accomplished. 


The same liiidtationS in optics siae discussed for the oil thickness measurement 
applies here. Therefore, this technique is suitable for aircraft-based sensing, 
until large space platforms becom operational. 

Waste Pollutant fieteation atwi Mapsing 

Reflectance contrest between waste pollutants and the surrounding water in the 
visible spectrum has been employed as a means of detecting waste plumes. For 
instance, acid plumes were detected and mapped from space as early as 1973, 
using Landsat-1 (Ref. #17). Detection of sewage sludge plumes and other in- 
dustrial wastes was not possible due to the short persistence of those plumes 
on the surface of the water 

the cofttrast between pollutant and the Water varies with pollutant material, 
concentre tion^ observation sun angle and atmospheric effects. Ambiguities arise 
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th« .i»tet|ttetdtlon <>£ 4^etral radl&ned daca, alndd dl££d«etielatldn 
tetweett wdata-{Millutldft dtid the effect of eleude er eediisient Is seoetlittes diffi- 
cult* tdclmldues te elibiituite these eublgulties have beett^develeped at the 
Uttlveirelty of tielawate. they eo^loy vatlous specttal bands- to produce dls- 
tittctive ttio^lneaslotial (two-colot) plots, as Illustrated itufigute 4.1-d. 
the resttltitig eigenvector analysis provides scatistieal descrlpciohs of character- 
istic-^egioiiS in nulti-dimensional-color s paoe^ vhlch serve as atgn aturefl for 
the various types of pollutigni,. 

thfrarad sehsing technology, highly advanced for the tteasureinent. of sea~surface 
tes^ratures, nay be useful in the detection of seuage plunes iron sources such 
as ocean outfalls* These sources, which are- comaon in many coast municipalities, 
produce a persistent surface temperature rise due to convection, in those 
regions tdiere sewage diffusion takes place* Experimental data is needed to 
determine tdiether the spatial resolution ^d temperature sensitivity of current 
Instrutoents is suitable for this application. 

Waste Pollutant Concentration 

The state of the art for this measur&itent is characterised by multispectral 
sensing in the visible speetrun, coupled with Multiple Regression Analysis (MRA) 
for data Interpretation. In MRA, the spectral band having the highest correlation 
with doneottratlon is determined, statistical analysis (i.e.^ step-wise, 
regression dialysis) is applied, using other significant chamiels, to determine 
the relationship that will produce the highest accuracy of concentration 
meesurement* DASA-UngUy has employed this technique successfully, relative 
to airborne Development testing from space platforms Is required to adapt 

the teohnidue lor space monitoring applications. 
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figure A two-band plot of Landsat data ifl Which the regioits 

Corresponding to acid-wdste, seditfldnts dnd elfeat water. 
(SOurce-t V. K1 etnas, reference 17) 


tfadte Pftllucaiit Claidification 

The spActrAl r&dianCA o£ polluted water varies with the type of pollutant. 
Atnoaphetic effects can mask the identifying signatures of the various pollutants 
such as acid waste, s«»age sludge and bio-digested wastes. Infotrtation extraction 
techniques have been developed by NASA Langley to rtinimite the effects. of varia- 
bles- such as atiitospherics and sun angle. Irt-scene background elittindtion is 


aceon&lished by finding the ratios of waste plume radiances to unpolluted .water 
radiance at various wavelengths in the visible spectrum. The characteristic 
relationship between these ratios and wavelenth is indicative of the type of 
pollutant, figure 4*1-9 exemplifies this relationship. As irt the case of 
pollutant concentration measureirents, the multlspectral data acquisition and 
information extraction techniques require further development using space data 


to adapt them to space obseir/ation. 


( r.‘chnintjc details appear in Ref. 




Piguts 4.1-9. Spectfal chatattefistics of plumes from sewage sludge, 

acid waste, atid biosludge. (Data from R. Johnson, Reference 70) 

Wind ^peed and Plreetion 

Wind Sfieed and direction, measurements have been successfully demonstrated from 
low earth. orbit satellites such as Scasat. The scatterometer emits pulses at 
a uniform rate, and the electromagnetic vravos are scattered and reflected from 
the lllianlnaeed portion of the ocean surface. A small portion of the scattered 
signal Is detected by the scatterometer receiver, and permits, the computation of. 
the Dorinalized Radar Cross-Section (MlCS). The technitiue employed to determine 
Wind direction is based on the fact tnat the NCRS is greatest when observing the 
scene in the up-wind direction^ ard lowest in the cross-wind direction. Two 
mdasureffients per resolution element at different headings is usually sufficient 
to detertiiiie Wind direction. 

ScatteroineterS floWh to date have had wind direction ambiguities (aliases') which 
sometimes can be resolved throui;h i.hu use of historical wind data. Development 




of A soatterondcet thAC»4llalaatoA thoso aabiguieidd t»lll bo lAj^^tmc for this .. 
ae^lloatlob. the oso of dure tbau. four Antenna beaus at different headings has 
been proj^sed as a solution to this problem, and «lll be verified in future 
space aystems. 

All scatteroiusters built to date produee measuroibents within a swath containing 
a_gap region centered about nadir^. Methods of filling that gap need to be 
d evelop ed for this ap plication. 

Oeeatt Current Sneed and Direction 

Mapping the ocean current boundaries has been accoisplished successfully from 
s'pace^ particularly with respect to large currents such as the Gulf Stresn, 
where a significant thermal and color differential is produced by the streaml^^^ 
However^ the requiret^nt for this application is quantitative: to map the speed 

and direction of the currents in this coastal zone with a resolution of lo km. 
to date, the only technique that Is applicable to this need is the Inference 
of Current through mapping of the sea surface contour. This method Is based on 
the physical rise In the sea surface v;hen crossing an ocean current. (In the 
Gulf Scream this averages about one meterJ'^^^) The state of the art of microwave 
Or laser space altimeters, is sufficiently advanced to permit the measurement of 
sea Surface topography with the required precision. The determination of the 
precise ephemerldes necessary to provide the altimeter reference Is also within 
the state of the art. 

The requirfiuent for a 10 km grid every six hours persehts a problem since state 
of Che are altiittecers make measurements only at nadir, at discrete points along 
the orblC track. A satellite at low earth orbit, for instance, could provide 
dally readings every 2800 km across the equator. Therefore, increasing the 


tttud>et d£ satellites Is not e ^tactical sol u tion, He ^» teobniques fot ocean 
cuttrent fton satellites need to be developed; these need not b e 

to altinetry, and should, em^haeiae those ttethods chat- produce ocean 
Cttttent meesttreaents actoss a t^ide swath. 

Wave fleiaht 

Wave height has been successfully measured through the use of altiitetry. frectse 
meaStttetiiehts of the rise time, of the return radar pulse la-interpreted in terms 
of significant wave height, the same limitations in grid size„x6solutlott 
dlacttSaed for current speed/direction measurement apply here.- 

’ A potential area of technological development for this application is the use 
of Synthetic aperture radar data and/or scatterometer data in conjunction with 
netl information extraction techniques. NASA Wallops has a promising concept 
for a multiple beam altimeter which produces altimetry data within a narrow 
swath (/^50 The expansion of these concepts to produce swaths in the 

order of 400 km should be explored. 

Another possible solution is to combine sparse altimeter data with wave height 
models* Sophisticated models such as the Fleet WunfiriCal Weather tbdel (FWWM) 
produce directional wave spectra with 300 km grid. Developsteftts are underway 
that would permit predictions within smaller grids. The enhancement of these 
iibdels with spacecraft data such as altimetry (for wave height calibration) and 
seatteromecry (for wind speed input to the model) needs to be explored. 

Wave Oirecrton and Lenath 

tudar images of the ocean surface reveal the wave patterns and from these we 
can measure wavelength and infer-direction. 




the £or tfieAstttttttents evety thMe bouts nMuld nsosssltate flultlpla 

a wide stiagh p otntabls SAfir, 

A sintHat soltttlMi to that dlseussod above is-possibld hetsu—It consists of 
^mwhiefrig SAR data wlth-ocasb a^ave model predictions to produce the required 
frequency of wave direction end length tueasurement. 

Another limitation of 8AR dlate for this application iS-the fact that the 8AR 
I'riutffk would only show waves that are equal to or longer than the SAR .resolution. 
thuSy a ttetet-resolution 8ARy the wavelength region from 0.3 meter to 

30 m re r# wou ld n ot be. measurable. Rew technological develo^nents are needed 
in this area. Eor Instance, a scanned (pencil beam) BAR could measure ocean . 
wavelengths across discrete lines instead, of tdapping the entire area, thus 
permitting hig h resolution with modest data rates and radar power. (Ref .sect. 4. 1.2. 1.2) 

Water temperature 

Heasurements of sea surface have been obtained using thermal infrared and 
mictowave radlouetry* for instance, the- Sca nning Radiometer on board the llos 
satellite operates in the 10. S- 12 ..5 nderometer region and has a theoretical 
accuracy of :jp«2^. Subsequent sensor developments in conjunction with 
Seaset A (l.e. , VHtR sensor) have produced necessary lfig>rovemettts in thermal 
stability, donceming the mictowave spectrumi,. Seasat used multifrequeney 
passive microwave techhiques through the Scanning Hultl><Chanttel Microwave 

4 

Sadiometer to measure surface .cemperatures with an accuracy of approrlmately 
+2®R. Tha projected accuracy for the radiometer that will fly on the Matlonal 
Oceanic Satellite Syatem (MOSS) is ±1^0 or better. 
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tflrtfteratare 

Oj^tidal radioflaitatfs fiuah as the Vdftteal fattj^erature frd£lld 
Radldmetat (ITOS-H aftd- 1) caiv aeasute the tempet-atute of atmosphefie layets up 
te 30 kiloiteters. ^th ati accutfaey d£ 3** to 4^*0. The actual tewpetature at the 
aif'Vateif itttetface cannot be obtained directly,, but must be inferred frott the 
tempetatute profile aeasurements. The utility of space tteaeurements is in the 
detenmnatlott of the relative temperature. distribution over a wide ocean expanse, 
using temperature calibrations from surface platforms such as data buoys in 
the coastal zone. 


Weather Fronts 

These fronts ate monitored routinely through operational metaorologicel 
satellites* . .. 


Pwaoloitation 

Remotely sensed measurements of precipitation, intensity and areal e^ttent are 
feaeible using passive mlcrox^ave radiometty. The ocean emiselon is attenuated 
due to precipitation, the detected signal,, then, is e function of the emissions 
from the ocean surface and rain, and the signal loss due to the tain. The 
radiative relationship necessary for ejttraeting ocean temperature end precipi- 
tation attenuation information from the signal are known. 

HaSA. developed an astperimental sensor for measuring rain reflectivity and 
attenuation, the Multi-frenuency Active Microwave Imaging System (MAMIS) under 
the Advaneed Applications Flight Experiments Program. The instrument, opetatlng 
in the 3.6 and 13*S CHa bends, has floWh on NOAA-sponsoted aircraft tests. 


Areal Distribution of Suspended Sediment 
Techniques for detection ‘^.^litncnt nro is d^-scrlhoa 

Detection & Mapping • 


undot **VMst.e 




\it 




7 ^ 


«mODS FOR ASSESSHm OP SfiNSORS/tECHNKjUES 


Ab Assbddnettt 6f the state oi teehttology in each of the neastttetteftt requirement 
areas preeesded the consideration of speeifie candidate sensors. Suitability . 
of these sensors to the ocean pollution monitoring mission was determined on - 
the basis of four criteria or "FILTERS'*, which served to analyze each sensor 
relative to its capability to perform the required measurements. These 
"filtere are as follows: 


niTEt (A) OtmO(»NENT AND OPERATIONAL STATUS 


W^I.S^LAtlttONlP ^ISMATURE) BETMtEN THE OBSEWABLE AN6 THE REQUIRED HEASUREHEMT 


PtL 

TER (B) OETECTItfltt/SENSITltflTT 


C^ AKOtrtTE S|GNAL-T6.M0lSE RATIOS BE ATTAINEdT IS THERE SUPflCIENT SENSITIVITY. ' 
CONSlOERWfi THE RANGE AND ATMOSPHERIC EFFECTS FRAM ORBITAL ATTITUoIst 

ftLTER (t) SENSOR - PERfORHANCE SUlTAfilLlTt 



S52 I?? “5ER REOUlREtlENTS AND CORRISPONOIMO HEASUREHENt SPECIPlCAnttWl I 

POLLUTION HONirORIKGI ARIMART PARAMETERS ARt AtDJRACT, t 

RESdLUtlOI). COVERAGE. AND RAtiGE. 


PILTER (8) CiWPATlfllLlTy UIIH SPACECRAFT 




Particular emphasis in the analysts was placed on the selection of sensors 
having undergone actual field testing or operational documentation. Ve 
labeled this as sensor heritage , and oatogori::ed this heritage as folhn^s: 



n. AlftCftAFT SENSOR MItH PROVEN APPLiCAOlLlTY TO THE SPECIFIC MEASUREMENT 


III. SPACECRAFT SENSOR WITH RELATED CAPABILITY BUT NOT PROVEN APPLICABILITY 
TO THE SPECIFIC MEASUREMENT 

IV. AIRCRAFT SENSOR - DEVELOPMENTAL RELATIVE TO THE SPECIFIC’ MEASUREMENT 

V. SPACECRAFT SENSOR - ADVANCED CONCEPT 


ParamettlC trades were {terfotmed in order to gdln d better undetstdfullng of the 
dysten lApliedtlens of. d pdrticular psasureident approach. The methodology also 
liiade provisions for factoring in operational constraints such as the ability to 
attain the required tewporal/spatial coverage using ncmiittal orbits associated 
with current and planned spacecraft. This was accomplished by performing the 
suitability analysis in concurrently and interactively with the initial phases 
of the mission and operations analysis^ as described in Section 5.1. 





4.1.2 ASSfeSSMm Of mcROWAVfi SeOSORS AKD seMSlffG TBClfijtqtJES 

Thd eattdidaee senddrs Aortsideted in thla ds&essiHant wete eha Radat, Seattatouetet, 

^afisiira Rlletottave ftadloffietat, and Altittiatat. within eheae catagotiaa of aedsota 

ehate ware iitansr poadlble vafiatlona; fat instanee, radafa can be IMaging ot non* 

lniaglttgi teal apetttire at synthetic aperture ,_etc . Thu8,._liLJ±e-*'deadrlptioii of 

the aenaer" and "ferfotmance Parameters" segmenta, we quickly focua on the 

apeciflc type or typea of sensor chat were potentially suitable for this nilasloA. 

these aenaers were then analysed in accordance with the four "filters" -discusaed 

in the introduction to section 4.1. The foretat, which follows for all major 

sensors considered, is as follows: 

o Parameters Measured 
o Description of the Sensor 
0 Performance Parameters 
o Assessment of Sensor suitability 

4. 1.2.1 Synthetic Aperture Radar 

The synthetic aperture radar is an important candidate sensor for monitoring oil 
spills and ocean pollution. The capability of operating during day and night, 
and in clear and inclement weather offers a significant advantage to this sensor. 
Furthermore, spatial resolution of the sensor In the 30 to 100 meter range 
provides Useful data In defining the boundaries of oil spills on the ocean. 

4. 1.2.1. 1 Parameters Measured 

The effect of oil on the oCean surface, as discussed in previous sections. Is 
to reduce the amount of capillaries. When radar signals Impinge on the ocean 
surface, the capillaries scatter the signals in all directions. Those signals 
returning to the radar are detected. Thus the presence of oil has the effect of 
reducing the radar return. It is this contrast in radar reflectivity that is 
utilized to detect oil spills. With the synthetic aperture radar the areal dis- 
tribution can be determined to an accuracy established by the radar resolution. 


Pt0d Kftowlddgd of tfio satSlliCe e|(>hCh!{idldes and tha radat geontatt^t the aatth sutfaed 
oddtdifideda of She oil aplll dan ba contpuCad. 

In dttediptlttg to pfddlftt Che oil apiU etajeetoty, tisdful paMflStata obcatnod by 
the synthetlo apetttife tadat ate ocean wavelength and oeeon wave dltactloft. 

Futthftf thia taddif id useful 1ft eatabllohlns the extant of sea ice fieldd which 
Will limit oil spill migtatloft. 

testa perfomed by the Navalhesearch Laboratoty have investigated the effects of 
ttSiftft hotlzofttal polatizatloft (HH) and vettical polarizatiofl (W) of. the afttetma 
beaa» upon the sefisltlvity of the instruineftt. Recent tests performed by the 
Canadian Centre for Remote Sensing have shown ^ contrasts of 10» 5, and 3 dB 
at incidence aneles of 60°, 20°. and 15° respectively. 

4. 1.2. 1.2 Description of the Synthetic Aperture Radar 

A aynthetid aperture radar (SAR) which comprises a pulsed transmitter, an antenna 
and a phase coherent receiver produces a tWo*‘dimensiottal image of a scenel^^^^^^^ 
The SAR is borne by an aircraft or satellite, and the antenna is oriented typically 
at right angle to the velocity vector. See Figure 4.1-10. Range and azimuth 
ambiguity constraints impose restrictions on the overall geometry, antenna dim- 
ensions and coverage capability. 

The only synthetic aperture radar successfully flown in a satellite is the SEASAT 
SArI^^®^ The antenna is 2.2 m high in the elevation plane and 10.7 m long in the 
azimuth plane. The radar frequency is 1275 MHz and the beamwidth is about 6° in 
the elevation plane and 1° in the azimuth plane. The swath width is about 100 km. 
With this design approach, a wider swath is possible provided the antenna Is made 
narrower and longer. 





Anorhdr apptofteh co obtain a «lde swath prof^osad by Claassan in 1975 (Refafonee 
-il9) aeilizea an antenna beam that is soannad etosswisa to the satalliea ground 
traak (see figure Scanned antenna baafis to achieve wide awath coverage 
have also been repotted by Cutrona (Reference 120). 


the seanaed beafli configuration to be described is identical to that analyzed 
b^Claessen (ftefer&iee 119). The discussion assuoes a satellite platform for 
the SAR and a broadelde antenna beam. The permissible, tuimber of scan beam 
positions is given by the ratio of the time period available for scanning, across 
the swath to the integration time period requited to form the synthetic aperture. 
A short integration time produces a short synthetic aperture and this results in 
a coarse azimuth resolution. The amount of scan angle in the elevation plane 
to image the swath is the product of the number of beam positions and elevation . 
beam width of the antenna (Reference 128) . A wide swath favors a small antenna 
area} however, the area must be sufficiently large to satisfy the ambiguity 
constraints at maximum slant range. Finally, the antenna area exerts a dominant 
influence on signal, detection at maximum range. In the following paragraphs, 
performance trades are described in terms of swath width, resolution, antenna 
area, average power and data rate. 


a) swath Width - for the conventional SAR, the ground swath coverage W is 
given by 


w » R. . A- 

cos Lg 


Where R is slant range, is incidence angle, A is radar wavelength, and Lj. 
is antenna dimension in the elevation plane. The other antenna dimension in 
the azimuth plane is selected to Satisfy the minimum antenna area 


SCAPiNED BEAM SAR 
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ACCESS GROUWD RAP^E 


etltetlon di6t&tdd by the range and aaUauth anblguity eonatraiftM (ftcferente 
144) , — 4n~ap|»voxljiiete equatinn for is given by 


•a 




dv A R tan 0. 
_5S- H 


( 1 ) 


where Vg^ le SjSacecraft velocity and c is light velocity. It is noted that 
A^ hecoume smaller as the radar frequency is increased. 


^ot-the. conventiwal focused SAR the ulcimace one* look arimuth resolution is 
1,^/2, and with multiple looks the radar data processed azimuth resolution & 
is given by 

where is number of looks. In this configuration the synthetic aperture 

length Lg^ is equal to the distance of satellite travel during which time, Tg, 

the scene area, is illuminated by the antenna beam. The distance L-. = T, 

SA b’se 

and the illumination titoe ig is 


To a AR 

A gt • 


( 2 ) 


Where Vgj is ground track velocity, with a modest antenna length L^, the 
ultimate one* look high azimuth rerolution- of L^/2 may exceed the requirement 
for some applications. For coarse resolution the synthetic aperture length 
required for imaging is less than The time required to form the synthetic 

aperture is less than Tg so that time becomes available to scan the antehha 
beau to other directions in the elevation plane< 


In a scanned beam SAR the time period T^^ available to scan across the swath is 
given by the illumination time available from the beam geometry at the nearest 
range Rj| so that 


L. V 
A 

lirhete 18 gtOuAd track velocity. Tli'^ anccrnx beam dwell time required 
to £em the aytithetlc aperture is 

N A./ 2 


For a eotieervative design, is computed ior cporatlon at the farthest range 
Rj,.. The number o£ possible scanned bean nrritlons Is given by the ratio 
T^,/T^ and 




"gt ’•A^- 


i 

az I4 

1^/2 


The ratio v /v ^ Is slightly greater than unltv, and R../R Is sllghtlv less 
sc gt 4> F 

than unity. In words, the potential number of beam positions is given by the 
ratio of the quantity ultimate focused azimuth resolution 1 ^/ 2 , 

For a given value of the product of is fixed so that a hardware 

design trade Is indicated between L, and N . The antenna length L * 2 h > 

and assufoes Its longest value of 2 when Ng * 1 and Nj^ ■ 1, 


The beau is scanned in the elevation plane. Assuming that the elevation beam* 
width 0e Is cottstaflt With scan angle, the available scan angle range 
is Ng 80 that 


A3 


scan 


^ az 2 A . 


8 : 


Since the entetina area A t.L-, 

A E 




scan 



( 3 ) 


This equation implies that the sc.^’n AO -7 is independent of the shape 

of the antenna aperture. The se.locrJ.on otf particular values of the antenna, 
dithensions is a hardware design tr.'do in--o’.vi.ng the values of N and L. . An 
example of a SAR with 18 beam positions has been reported. A wide scan angle 
favors a small area A; however, tHir. is constrained by afnbiguity considerations. 
Further, a small value of .A vj 1.11 require greater transmitter power to achieve 
a given signal* to>noise ratio. 

If the fflittlfflutn antenna area critc'ri.'n -I'-en by ( 1 ) is combined with (3) 

A0., c . 

^ ®iF 

This is the largest value c? A0 attainable and it is constrained bv 

scan 

ambiguity at the farthest range. A coarse animuth resolution Will permit vjide 
swath coverage. It is noted that when constrained by ambiguity, 
independent of wavelength. The measured from the beam axis angle 

at the farthest range towards nadir. The minimum usable value of incidence 
angle can be dictated by the scene to be imaged or by range resolution. Because 
of the geometry, the projected surface range resolution J is governed by 

O • 

the radar slant range resolution 6 gy (commensurate with the radar bandwidth'' by 
the equation ^ cosecant 0 ^. iVn incidence angle near zero is not 
usable by any SAR (Reference 112). 


b) ttaasttitcdt Povdt > thd average ttanetnltter power o£ a SAft depende on 


Aany pdrameters« end if, is given by 


V h O'® • sm 8#R^ kl. Al^ 

ave ^ sr F s so s 


tfhere » nuBdier of looks 
A ** Antenna area _ 

H » antenna efficiency 
» slant range resolution 
o® « normalized radar cross section 
SNR ** S/N at beam center 
Rj, « slant, range to far edge of swath 
k 3 Boltzstann's constant . 

Tg » system noise temperature 
V ® spacecraft velocity 
A ® radar wavelength 

L- » system loss factor, greater than unity. 


A small value of a favors small values of A and R-, but large values of A, 

t and o*°» . The average power is independent of antenna shape but decreases 
0 

rapidly by increasing area A. A large value of A is counter to wide swath 
coverage so that a performance trade is indicated. The average power is inversely 
related to 6 In order to maintain a given value of ground image resolution 
A across the swath a mnst be varied in accordance to 5 ^ ® A__ sin O. . 


gs 


where 0^ is the incidence angle. There is a hardware design limit on h 
and an Operational limit on 0^ which is scene dependent. 


If the Shtl design is ambiguity limitad at the far adgd of the swath, the 
average ptM6». ia given by 


hv» i “ ^‘'s ■ \ , 

*• “ « '.c Ae«'' Oir 

for 4- given geeuetry, it is noted that the average power decreases with radar 
frequency. 


e) Data Rate • The return signal received by the radar is usually recorded 
first and processed later to produce images of scenes, decause the received .. 
•signal pulse length is a fraction of the interpalse period, it is assutaed chat 
signal buffering is employed to stretch out in time the data stream until it 
almost fills the interpulse period. This technique will reduce the data rate 
to a ntinimum^ The. data rate is given by the product of three quantities, via., 
(a) number of range bins per pulse; (b) number of bits per range bln; and (c) 
the pulse repetition frequency. 

Compression of the signal in range is reasonably convenient to achieve within 
the radar electronics and this is assumed. After range compression the received 
signal is sampled in time. at a. rate so as to provide amplitude and phase data for 
each range resolution bin. The number of range bins is given by the ratio of 
range extent of the antenna beam footprint to the ground range resolution, $ 

gt 

The extent is given approximately by R0^/cos 0^, and the number of range bins 

c 1 

NrB 

♦ 

5 gj. Lg cos 0 ^ 

When the ahalog received signal is digitized, a sufficient number of bits 
(Bjq/S) is required for each sample period of the. received signal to provide 


adenwftffg A66utaey 6t fidaUty. Slflea the phase of ehe taealvail signal is saquirad 
. In addicidtt to lea a!q)llcude« boeh the in-phasa and quadratute phase aotspottenes 
ate tedotded. 

A V6ty etlciaal pataoatat in a daft is the pulse repatltlon ftequenay, PfiF. 

To achieve high quality Imagety* the PRF is typically about 30% hlghet than the 
<.r( *.■>*.!«» Value tequlted that meets the azimuth ambiguity consttaint. The Alniaum 
value is given by v /(L /2) vhleh in words states that the satellite platform 
travel distanee cannot exceed one-half the physical antenna length between 
successive pulses. The typical PSP is about 2.6 

Plhally, the data rate DR is given by 


DR .« la ^ 

B 

« IQ X R X 
S CoS 0 ^ 


2.6X 


V 

sfe 


whe*&. A ^ dlssutted that tha ground raugfe tasolution is equal 

to the aalttfuth tesoltttloti .5^ • The data rate depends on positioti within the 

az 

swath, and the highest value occurs at the far edge of the swath. ...It. is noted 
that the data fata is Independant of antenna aperture shape, and also independent 
of A and- R If the design Is ambiguity limited.. The data rate is highest when 
ambiguity limited and it decreases as A is increased. 


d)- Signal ProceSsllig - The principles of processing SAR signals to produce 
two-dimensional Images have been discussed in the literature (References 145, 146). 
Optical techniques have been widely used, and recently digital techniques have 
been reported. In the proposed scanned beam radar, the antenna beam at any 
instant of time Illuminates a fraction of the swath width. The beam dwell 
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dorfttlon itt this pdfiiciott id each as Qattatato tho rd<{a£ired dynchsfcle apdreute 

length* In ehle eime period sufficient radar return signals ere trenemieted 
eiul reeelved to produee en imaso of thin iliumlneted atee called a ''patch*" 

All of the patches across the swafch arc codblned to font an image of the full 
swath width. After traversing <-*)c n;afh, tho antenna beam returns and an image 
is formed of the adjacent in-tmck patch. All of these cross^track and in»traek 
patches are combined to produce an. image of the scene, the transmitted radar 
signal and received signal prcocssing have to be sufficiently accurate to permit 
Joining adjacent patches within a fraction of the resolution dimension. 

Aesaupling of the. data may be rcc^ulred to achieve patch alignment. A digital 
buffet n^mory is required to store the Image data of the patches and to read out 
Che data to produce a single image of the scene. 

e) Computations for 30 Meter Resolution - The available swath widths 
under -affibi^ity«>limited operation were computed for one^Iook imaging and 30-mecer 
resolution. The computations were performed for a spherical earth geometry with 
the SAR satellite at three different altitudes of 700, 900 and 1100 km. The 
ground ranges from the subsatellite point to the far edge of the swath were 
computed for several incidence angles.* with an incidence angle of 45°, the 
ground range is 880 km from the 1100. km altitude (see Figure ^.1<*13). The 
minimum antenna area requited .to meet both the range and azimuth ambiguity con- 
straints is 9.07 m^ (see Figure 4.1-12). An ambiguity- limited sWath width of 
358 km is. attainable and this Is shown in Figure 4.1-13* with a greater incidence 
angle^ the ground range can be further increased, on the other hand, If the 
Incidence angle and ground range ate decreased, the requited antenna size 
decreases and the ambiguity limited swath width increases. An arbitrary minimum 
incidence angle of 10*^ is selected at the near edge of the swath because of 








AMBIGUITY LIMITED SWATH WIDTH 

(INDEPE»iD^T OF WAVELENOTH) 



5QQ[ SOO 70Q 

I 

FAH. EDGE GfTOUMD FtAMGE, XMr 


dOgrdddtion In gfound range resolution for a given slant range 
With this tfdfilnttiBi Incidence angle constraint » the nutxlmuin swath 
tfidth of 433*5 htt Is obtalfted from the 1100 ion altitude when the far edge 
incldetiee angle is 34.25® and the ground range is 619 kn. The dntenna area 
for this geoiiiStry is 5*46 m « if a swath width narrower than 453*^ km and a 
ground range closer than 619 km are acceptable, then the antenna area can be 
nods larger than 5*46 n^, this will decrease both the average transmitter - 
power and the digital data rate. From Figure 4.1-13 it can be seen that the 
maxlnunt swath width decreases with decreasing_jiajtelllte altitude. 

The average power and data rate were computed for several incidence angles and 
the three setellite altitudes. The following assun^tlons were made: 

s/N “ 3 dS at beam edge, 9 dB at beam center 
f - 9375 
"1 look 

^dz » 30 m 

tg = 817°K 

Lg » 6 dB 

t 

« 0*005 cot^ 

ht • i az 

n » 55% 

Vgg «\/39860l.2/(H + R^) ' , km/sec 
H « satellite altitude, km 

Rg ■ earth radius* 6378 km. 
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tb« average power for ambiguity llmltod operation^ one-look imaging abd 30-m 
reaolution are: 


0 


i 


0 


1 


^ \ swath 
40?- ) 

^avo 

I swath. 
45° J 

y P 

'j ave 


700 km 
360 km 
1423 W 
326 km 
1383 W 


900 km 
379 km 
1840 W 
344 Ion 
1784 W 


1100 km 
394 km 
2263 W 
358 km 
2188 W 


The tnarclirtim ambiguity limited data rnte depends only on the far edge incidence 

o o 

angl6« and it is 46.7 and 42.4 MBPS for 40 and 45 incidence angles respectively. 
It is assumed that 8 bits are required to record the amplitude and phase of 
the signal in each range resolution cell. 


e) Computations for 100-m Resolution - Computations were performed for 
one<^look imaging and lOO-meter asimuth resolution. Images with lOO-m resolution 
may have utility in mapping sea ice, ocean surface roughness, in addition to oil 
spills* With- ambiguity limited operation at the far edge of the swath, the 
computed swath widths were so wide that the near edge incidence jungles were less 
than 10*^. By increasing the antenna area, the near edge incidence angle can 
be increased to 10^. The use of a larger antenna area will decrease the average 
power and data rate. The largest antenna areas were calculated which provided 
Specified swath widths and satisfied the near edge incidente angle requirement 
of 10*. Three swath widths of 300, 500 and 700 Ion Were selected for each of the 
three satellite altitudes of 700, 900 and 1100 km. The radar frequency is 
9375 MHzi The largest antenna areas as a function of swath width arc plotted in 
Figure 4.1-14. From the 100 km altitude, the 700 km swath has a far edge 
incidence angle of 44.5^ and a 13.03 m^t antenna is used. The far edge incidence 
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ANTENNA AAEA FOB OFTI23U?J DESKSN 
(10« NEAR iOiSS INCIOSNCS ANGIf, 
MINIRSUM 70WSR AND DATA RATE) 


1O0-M RtSOLUTieN 
ONf lOOK..93rs MHZ 




wM. a v,ldtbD and ea^fiVite 


ttglss dife also glvcfii in the figure fur ' 

altltwtet. 

If tba sdteUlte is in a 700 -ion air Irude c'rhit, a 700 Ion cwatli enret br* Inarcd 

sinea the aflibigttlty consttairt i.o violatc-l ct t.he far edge of the cwct'i, T! <"‘ 

fMxilWittt SVaefi tfidth \^i.cb can he 5n''i”e''l .'"r? '- rhic altitude is 691.5 te. anJ 

thfi fan adga incidence angle ir: ;'4.n3*^. If t'’.e far edge incidence ancle is c^p- 
'O 

Stnaliueq to 45 du6 to operatinral rea.'irpnj, a .'’no Ion £n;atb can be inared ffrni 
the 700-ko altitude. The reruared a^ea ;_or th:ls r%*7cth ir 11. 

With th6 eatfefttia atea eptiwirod r ror!l'‘?.nation of swath and altitude, the 
• avdragd powers were computed, nr^l a wide variation was iauUd. A:: before, it 
is assumed that * 0.005 cr,t 6-^. The average potfers were calculated for 

datedtion at the far edge of t.he swath.. ITag- cx/mputational results are shown 

is l^lgurS 4«l«l5. For a 300-ran swath the average power of about 18.5 watts 
is almost iSdepSndent of satellite altitude between 700 and 1100 to. With 
wider swaths^ the average power decreases with increasing altitudes. 

With the opt itfi u m antenna area for the particular swath and altitude, the digital 
data rates were con^ted. It is assumed that 8 bits .are required : ,■ record 
the auplitu^ atid I^ase of the signal in each range resolution cell. The 
results are plotted in Figure 4.1-16. For a 700 -km swath, the data rate is in 
the -Htiflity of 10 

f) CoSBfients oh Scafmed Beam Synthetic Aperture Radar - The swath width 
coverage capability of a synthetic apeftute radar is proportional to its azinuth 
reSoiutioh and inversely to its antenna area. The widest swath is obtained 
when the s^sHtry is ambiguity limited. In instances where the ma.\inum cbtainablc 
sSttth exceeds re<|uirement| the antenna area can be Increased, which will re uce 
transmitter poUAt and digital data rate. 
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AVERAGE POWER WITH 
OPimm AHTEMMA AREA 


(10« REAR EDGE INCtDSRCE ANGLE) 


100-M ft£SOtUTION 
ONE LOOK 
ESTdMNJS . 
a4«O.Od5COT^^jfS 


< imGiNA!. r.v;: : 
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the AntetinJi epetttate stupe <UAttols t:’’o rtraVor ok boem -oelticnc in t’.r 
• eleVAtlott plsau to cover etu swSttJ ar*-! in n hart’-vara Ceoicn Lv^de factor. 
BetfonutiAe. trade .tcA^eet ions suitable '!c'* r‘*Tl'C.'.r?j'*5J-,.C!'ia?. purpotts arft 

presented lAVOlVtnp reeeltttlCtt« a«Mnt*"i rroi, nntii vidth, avercge trensad.fcter 
power end dlplcel data rate. 


The process. ng of radar data to produce an j'~vz2 zJ ^ stride swath ts probably 
fuse ffibhieved by es^loylfig digital tcchnir'-as. imgea of subswath scenes 
lllmatnated by the antenna beam in eacli st:ai position are.ccuhined to fotu an 
image of ^ fell swath (see Figure 4.1«l7). An alignasnt accuracy of a fraction 
of the resclution dimension is re<}aired to combine the subswath images* 
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4. 1.2. 1.3 PettaxmntQ Parameters 

CaltalAfte^s on nerfotmanco were carried out fot satellite' altitudes coverlnp, a 
rftAf^e that is rCaresent-ativo f f t;^e or.onn pollution mlssldn! satellite altltudoc 
o£ 567 and POT kn; r.wath widH’s 1 10, 180, 280 and 392 leu Ulth rtaxlmum nfound 

tattgea of 500, 540. 6C0 and r,on/r-r, respectively. A reptesefttatlvc coverage accofr 
of the SAP. swaths is shawn in ripurc 4,1-18. The azimuth and ground resoluticnr. 
were 30 kUi, f'Ptetn noise fig'tlfe was 4 dB, system loss of 6 dB, one-look imaginn, 
and 3 dB SUR at path edge. I'ot the t^ro narrows swaths, the maximum incidence angle 
at the far edge of the swath war. 45° and the normalized radar cross section (jT 
was -25 dB. .For the two xwidcr swaths the ootrespondlng values were 38,4° and -20 dB. 
The average radiated pc'rer and the antenna area presented in Table. 4„ 1-1. For 
eompariSOtt purposes the relevant values for the SEASAT SAR and the SAR for the 
Ice Processes and Climate mission are also given in Table 4.1-1. 


The SAR for M0PS*> was reconfigured for four levels of capability, and the various 
parameter values for a one«»look design are given in Table 4.1-2. In the fifth 
level of capability, a four-look design was configured. The resolutions used were 
30, 60 and 100 meters. The swath widths were 360 and 390 tan. In three designs 
the swath location could be pointed within a maximum ground range of 600 tan. In 


one design the maximum g. und range was 500/cm and the 360 tan swath was fixed 
in Its Ideation relative to the satellite. The results ate shown in Table 4.1-2. 
The following assumptions were made: 


frequency 9375 MHz 

altitude ^nO tan 

NCRS, ° -23 dB 

A/D Converter 8 bits IPO. per safnple 

noise figure 4 dB 

system loss 6 dB 

SNR 3 dB at patch edge 


I’ 

( . ^•*•1 r ‘ ' 


\'‘r, 

r \! II'Y 


The average power levels varied from ?n W to 1872 M. The data rate ranged from 


4.3 to 48.5 MBPS, and the antertn.l area from 4.6 to 18.5 m‘-. 
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fABtfi A. 1-2 


ALfERNATE MOPfi i^AR COIIFIGURATIOHS 


CARABtLlTlf 

in 

f‘2 

■■'/3 

1^4 


LOOKS 

1 

1 

1 

1 

1 

REsOLtfrtON 

30 M 

60 M 

60 M 

100 M 

100 M 

SWAtH 

390/Cfl 

360 km 

360 km 

360 km 

364 km 

MAX GRObim 

600 km 

600 km 

500 km 

600 Ion 

500 km 

AVERAGE POWER 

187.2 W 

226 W 

’.60 W 

50 W 

263 W 

OAIA RATE 

48’.5 MBPS 

11.9 MBPS 

10.9 MBPS 

4.3 MBPS 

15.4 MBPS 

amtenma area 

5.5 rt.2 

11.2 m“ 

11.0 m2 

18.5 m“ 

/ ^ 2 
4.6 m 


A bl06k dlAgtM fdt a SAR is shcrtrtt in Figure 4..1-17. Tha electrical values for 
many oi the cotnponeflt boxes are given for a typical design. The output power of 
the IWT will be dictated by detection requirements as given in the preceding 
paragra|)ha. 

4. 1.2. 1.4 Asseaaiaettt of. Sensor Suitability 

The Synthetic aperture radar has been used successfully to detect oil spills by 
various - experifflenta . the detection is hosed on the reduction of radar backscatter 
of oil-£ilf& covered sea caused by the reduction In surface capillaries, and this 
radar backscatter reduction occurs in contrast with the surrounding sea with natural 
surface capillaries, dn occasion a patch of sea xHth reduced radar backscatter has 
been Observed in the absence of otl on the surface, and these patches of calm sea 
surface have been called "wind slicks'* or localised areas of wind shear where 
wind conditions change so rapidly that capillaries do not sufficient time to develop 
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fftim uhilo tho SAR Will (loCtict oil Hpiltn thotn la a posslDlliCy of ontbiguoiis ot 
frtlflo tiotoctlon, 

TUo-^^R can oaolly dutcct in cover nlncn ^.hn radaf Cross sections Of thC iCo ofld- 
':!»n c on 61. oca arc quite <lll’?crc-»t. T’lO KAR Imacoty offers the eapatiillty of 
providing the croat-to-etdst distance hctv^cn waves, or wave length. SAR imagery 
at this type have been shotm by MP.t, and JPI., As a consequence of this wave liBdgery, 
the f)AR can Meed to provide wa’^c direction. Wi.thout auxiliary Infottnation such 
ae flvflOptie or historical data, there is a 180° ambiguity itt the wave direction. 

Another question addressed is the sensor sensitivity froffl orbit. Depending on 
orSit altitude and performance requirements the average RF power ranges between 
rn and 1872 watts. Assuming a 337. efficiency for the transmitter tube, the prime 
pow er for only the high power amplifer ranges from 130 to 5616 watts. 

For utility in the monitoring the coastal zone, it is postulated that the SAR 
should have a 600 ten ground range capability from the subsatellite traak, on a 
total access swath width of 1200 Idh. Configuration designs have been presented 
with the 1200 ten swath width capability. 

The near- term satellites have finite size, weight and power constraints, and 
different configurational designs have been present in the preceding paragraphs to 
meet a variety of combinational constraints. 

4 . l . 2 . 1 . 5 Technology Implication 

Investigations are suggested to examine the mechanism of wind slicks that arc 
ambiguous with oil spills. The temporal characteristics of wind slicks and 
occurrence probabilities should be examined. The uttli:y of time-delayed imagery 
requites expetlrtentatioh. The range of radar frequency, Incidence angle, heading 
angle relative to the local wind vector, polarization, resolution a.id oil type 
should be investigated. 


Ill the eeaiiAed hdoisi ap^tUaeii, iuatty auhawath radat Images have td be dambined td 
^ttdrate a dOffij^osite fUll-swach imago, The use of digital tcthnlcfues apfteats to 
be ^eaeible and explotaeotjr studlea ato toquitod. Futthof the feasibility of 
Ott*'boArd signal psoeesfiltig to gdnotate Imagoty on the spacecfaft should -be* oxamltiod 
idt this applitation. it appoats that tin data rate assoelatod with formed Images 
should be OOTtsidetably lower than that of the row radar data stream. 


A most erltleel area of development in. the saR hardware is a long life, high 
effieleney, high power transmitter. Ftitxite SAR applications are all constrained 
by.jthe-SivAllabld transmitter tubes. 


4>1.2.1.6 SAR Assessment Summary 

A sutnoety assessment has been prepared for the synthetic aperture radar as a 
sansor for oil spill detection. This summary Is given In Table 4.1-3. 

Table 4* 1-3* SAR Assessment Summaty 


o 

o 

o 

o 

o 


PARAMETER 

COMMENTS 

SPILL DETECTION 

NEEDS DEVELOPMENT OF DATA ENHANCEMENT TO REDUCE 
AMBIGUITIES WITH "WIND SLICKS" 

ICE COVER. 

MEET REQUIREMENTS 

WAVE LENGTH 

MEET REOUIRK<ENTS 

WAVE direction 

MEET REQUIREMENTS EXCEPT 180° AMBIGUITY 

SPACfiCftAPT DRIVERS 

DC POWER a 6.8 X 10^ WATTS FOR 30 M RESOLUTION, . 
390 KM SCANNED SWATH 


RE TRANSMIT POWER « 2.0 x 10^ WATTS /AVG., 
6.0 X 10 WATTS/PK (SPACE QUALIFIED TUBE 
DEVELOPMENT REQUIRED) 


DATA RATE » 77.5 x 10^ BPS 


ANTENNAS - 2 REQUIRED, 5.5 M“ Ei\CH 


4. 1.2.2 ritetotfave SfedtCotometay 
gaMwatfeys Mnaatited 

through the BBasuremant of the Radar Backacattet Coefficient ( (T o) in two mutually 
brchogotial dlretttlorttf,oeca« surface wind npced ond direction can be infortad. A 
secondary, fl^SljSreftient that can be inferred from (To is Ice Cover Extent. 


The ftOBC stringent requlreiaertts. based on user requirewent specifications are 
as follows! - 



Wind Sneed 

wind Direction 

tee cover 

Precision 

0.3 m/s 

5° 

10% 

Accuracy 

2 m/s 

10® 

2% 

Range 

0-50 m/s 

0-360° 

0-100% 

Frequency 

3 

3 

3 

(every R hrs.) 

OUKllNAL PAGE IS 


Delay (hrs.) 

3 OF P.v * 

li in'AU l3V 

J; 

> 

Spatial Resolution 

10 km 

10 km 

5 km 


oeflariocien of the sensor - Theory of Qrier^fclon - A microwave scatteroracter is a 
remote sensor which has demonstrated tttl7.lty by enabling the calculation of geo- 
physical parameters from its measurements. In basic form, a scatterometer com- 
prises a transmitter, an antenna and a receiver. The transmitter emits pulses at 
a uniform rate. The pulsed signals are radiated by the antenna, and reflected or 
scattered by the llltMlnatcd. scene. A small portion of the scattered signal is 
detected by the. sensitive- receiver, and the ratio of recelvedl to transmitted 
signals is a measure of the radar cross section, RCS, of the scene. 7n»en the scene 
is the ocean surface, its roughness increases with wind speed and it is this 
observation that is utilized to infer oceanic wind speed from the radar cross 
section. The units of ttCS ate area (ftStet s<iuared) and when divided by the 
physical area of the scatterer, a quantity called normalized rcs, or mes and 

symbolized by (T^ le obtained. 


101 


htret&it <d3(p>«tiiii^ts At 13.9 GHs Conducted NASA Ltitglejr hav^ shoun tlist the MCS 
is visa speed ottd «lnd lieeding dependent. The sensltivitj” end ussgnltude ef nkcS 
eleo depends en the ineidenee angle. See Flgares 4.1>19 and 4.l»2D« tn genetel 
iths magttltnde o£ HKCS it target tdien the radiated heam is vertically instead nf 
taoriaontaily polariaed. 

The typinal else resolution tells on the oteanic surface attainahle hy scatter- 
oseters tn satellites is in the order of several kilometers. Thus, the satellite 
home scattemmeters are nsefnl in determining oceanic ulnd fields and ice cover 
extsent latt not useful in mapping oil spills that are usually much smaller In size. 

iPhe SfiStterometer is capable of mapping a wide swath, in excess of 1000 Ion. To 
cover dMs swath. The antenna may he either a scanning pencil beam or a stationary 
fan beasu iSte scatterometer resolution cell size is determined by the antenna 
haain aoA electronic factors. With a pencil beam the cell size iS determitted the 
h eawi width Snd the Size decreases as the anteuns dimension is increased. 

To fulfill a resqul>?eisfint for contiguous coverage, a narrower pencil beam antenna 
that the antenna must scan azimuthally at a faster rate. With a fan beam 
type scatterometer the beam axis is oriented obliquely to the flight vector and 
the major dimension of the beam ellipse is aligned in the elevation plane. The 
rasolntiott cell size in the azimuth direction is determined by the azimuth beam- 
width of the antenna, in the elevation plane or range direction, th-«i iange position 
is determined by Doppler shift and the range cell resolution is determined by the 
Doppler spread. The use of narrow bond Doppler filters results in fine range 
resolution. 

The technldtie ei&ployed to determine wind direction is based on the observation 
that the M^CS is greatest vtien observing the surface in the upwind direction and 
lowest t^en observing the surface in the cross wind dir^tion (see Figure 4.1-19). 
Two measurements on each patch of seas differing in headings is usually sufficient 
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Flguce 4» 1“-19 

OOWMWINfftf®uu VERSUS WIND SPEEB 



WIMDSPEEO. m/sec 




Figure 4. 1-20 

AAFE RADSCAT SCAHEROMETER WIND 
DIRECTION SENSITIVITY 
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ttf «riod diteetlen 6xc^pt for a 180^ dlrectidu ait&igultjr. HlstoiMeal 

data samatittea ean be eEoployed to resolve the aitblgulty. Additleaal beaus differing 
In heading tH.ll enlquely detertoine the wind direetidh« 

The fan beam seattereitieter «lth four beams can i&ap tHde swaths but a central 
In coverage is produced. A method of mapping the central region has been proposed^.^^^^ 

the ecattetottoter can provide useful data alsust all of the time eacept during 
heavy. minfall. Daring cloudy conditions and through moderate rain, the microeave 
signals suffer little in attenuation, i^en raining, the rain ispaets the ocean 
surfaces, and significant efforts occur only during heavy rain. 

Description of gensor for Ocean Pollution Mission 

The Mtcpowave Scatteimeter opei^tes within the range of 13-14 GHz and is essentially 
a long pulse doppler radar operating in a beam-uidth'^limited mode, it cransmics 
4S0 tatatt peak power pulses of 4.8 millisecond duration for a total of 14 pulses 
at each of the setpientially illuminated fan beam antenna footprints and drat^ 
approkimately 13S watts from the spacecraft bus. The signal processor uses the 
doppler shift of the return pulses to separate the signal into equal length cells 
Within the illuminated patterns. 

figure .4.1-21 shows the doppler frequency shift versus time, from the beginning 
of the transmit, pulse, for the precursor to the Ocean Pollution Mission instrument, 
the 8easae-A-8datterometer. it is shown, by this curve, that individually con- 
trolled range gates will improve petforEsance by integrating the receiver outputs 
only at the time the return signal is present, it also shows that for some period 
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Flgufe 4.1>21.S^ada£ ~A Scdtterometer Dop| 

Starf of Transmit Pulse 





eitte, all ddpplet «o<»eacl8t. Thasa tM {aeeMi Iti^ieate that 

SaattaMaetev. pavlatoaaae la imptave4 as atbit aleituda-atid polneing atigle eanttal 
is cl^tetted, as t)«ll as by ifleotpatatlng sdne £dttn o£ patallel sigtial paocessiag. 




Figiufe 4.1«22 id a futtetianal black diagtsa a£ the olataeave scattercssetar* ^»d 
kay feactms d£ this, instrumettt atti the calibratiott neise soucee fob ott-baat’d , 
aed^ta>eitd» ealibration o£ the teceliret atid signal processat aad the £ra<|uency 
sytitdiesiaing technique o£ reswvlng the sign o£ the dcppler £raquen<^ shift ta 
redwe the uumber of-processisg channels by a factair af tea. 



Perfataance FairemeteM 

The ouetall perfotaauce e£ the scatteronketeir Is detexnined by the factor. 

This factor is equal to the narualited staudard deviation or the standard deviation 
of the slgaa-tiought oeasureatent divided by the aean of the iteasurettene. The 
equation for evaluating {L is: 



t^ere « Noise integration Time 

^s » Signal + Noise Integration Tiae 
Tg ** Range gate tide 
B Noise band width of Doppler filters 
SNR a Signal/Noise ratio at detector. 

nKlf:’\A». PA(r-: IS 

The equation for the Seatterotteter SNR is: aI.H'Y 


SNR - Pt <5o^ ^ ^ 

(4W-' KT^ B 

^ere: ■ Transuit potrer 

■ wavelength 
a pR antenna gain 
Gq a Antefina gain at cell N 

L a Length of resolution cell 

^ a Antenna narrow 3-dB beimw*. ith 
0 ® a Nonadlised scattering coefficient 

R a Slant Range 

R a Boltzoann's constant 
Tj a System noise temperature 

B a Doppler filter noise bandw-.ith 

Lj a Total system losses from TfT output to receiver 
includJLng atmospheric losses. __ _ _ 


PACE BLANK NOT FB.MED 

fhede tad d^jttatUtis ^Mvide the basis fot Iftstrument le^^el ttade dfis in eptlttlslng 
mission ^etfotmstiee. 

Ptellmlnaty petfotmance chawctetistlos chosen tot the iftstifuttent tot this mission 
ate shown on feble 4*1-4, along with those o£ seasat A. tot comparison purposes. 


TABIiE 4.1-4 

P Bln.-ra fltottY SCATTfiftOM&rfiR SEUSOfl CttVSACtERlSTlCS 



Bee sat 

^(^eab Pollution MiddiDn 

Assumed Altitude (Imi) 

800 

m 

Resolution (tall) 

50 

10 

Wind Velocity Range (M/S) 

4-24 

4-24 

Frequency (GHzX 

14.6 

13-14 

toppler Beams 

12 

65 

Antenna Length (M) 

3.04 

3 

Incidence A«gles 

25-55° 

25-55° 

peak RF Power (VJ) 

100 

450 

huty Cycle c-is/mS) 

6/30 

6 til. 5 

Pulses Per Bample 

61 

14 

Bus power, (Watts DC) 

135 

500 (max) 


aaacneromat a** swath Coyatfaie 

Ihe swath tatete^o of the Seattetometer is decetmined b:^ the spacectaft altitude, 
antenna pointing aslmuth, and the angle between the ttlnimtM and maximum acceptable 
earth meldence angles, the ttotwal operating range fot the scattetomater is fot 
eatth ineldence angles ttm 25® to 55®* as shown in FlgUte 4.1-23. Some additional 
data can be obtained fto« 55® to 65® earth Incidence angles but only at the higher 
Wlndspeeds. Figure 4.1-23a shows the swath coverage and antenna footprints from 

i i^xCKrOft dUlt.de o« «00 Km. 

Vni>G PAGE 



Figure 4.1-23 Scatterotneter Incidence Angles 



Figure 4, l-'23a. Sfcatteroinfetef Swath \Vidth Coverage 
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* filtey At Is the relatiofi&hlp between ebdetvable ahd roea auremetit-well devfilO|>e(l? 
teal Algoitlthffls have beati develditdd iot use tti the Seasat-AxSeettaiMmetet data 
tihleh «Ul pvevlde ttlad S]^6ed dlireetly and wiad ditection «ith-ap te fout allaaee. 
Recent studies sheu that vlnd dlteeticn aliases can bcutetnoved threuRh the addition 
of two £aa beau antennas, one £ot each side ot the spacecraft. 

Filter R t Is there sufficient sensitivity from .otbitf 

Yes { There ulU^e sufficient sensitivity from orbit When the required nodlficatiens 
to re-eristlng (Seasat) design have been impletnented, as described in "C" below. 

4 

Filter c ; Can the sensor-meet the user performance requirements t 

Y6s; With the following Instrument modifications. 

o Ih^roved antenna gain 
0 Additional stick antenna on each side 
0 Lower receiver noise temperature 
0 Signal Processing and Timing modified. 

Filter D ; Are. the required Wt. Vol. and power compatible with- near ~cetm satellite 
Syst^? 

Yes ; Based on the seasat and proposed NOSs designs. 

Technology imnlicatlens 

The hardware technology that needs to be developed for future scatterometers is 
that of digital signal processing. This type processing would’ provide the fieri- . 
billty and resolution required for the Oceen Pollution mission. 
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4. 1.2.3 Passive Mlopowava ftadlometai* 


Paratteteps Measured 

the i^viisafy.funetloti of the Mierotiave hadionietef is to taeasui^e the radiotaett^io 
brightness temperature (fj^) for the horiaontal and vertical polarisation 
oonponents for. each of five fretjuenoy ranges, these observations are made 
ooinoldent in time and space at an earth incidence angles of 30*^ ^ 1.5^. 

Oil Thickness measurements is a very useful potential application of microwave 
radiometry. however, the spatial resolution limitations make it unsuitable for 
•space measurement (see "Sensor Description"). 


Algorithms, have been developed to convert this matrix of measurements for each 
cell into .many geophysical parameters, the geophysical parameters measured by 
the Microwave Radiometer that can be used in the ocean pollution trajectory 
model are ocean Surface Wind speed. Ice Cover Extent. Ocean Surface 
temperature and Precipitation , 


the most stringent requirements for these parameters specified by the users 
are as follows t 


Preoision 

Wind Speed 
0.!$ m/sec 

lee Cover 
10 m/seo 

Surface temp 
0.5'^C 

Precipitation 

Accuracy 

2.0 m/seo 

2 m/sec 

1®C 

» 

Range 

0-50 

0 - 100 

-2® to 30®c 

i 

Prequenoy 
(every M-hrs) 

3 

3 

24 

i 

Delay (hrs) 

3 

3 

6 

6 

Spatial 

Resolution 

10 

10 

10 

10 


•Mot Specified 




ftiidldmdtpy ia baaad an the ebsehvatian that art abject, at ceean auhfaae, at 
abaaiuta temperature with surface eAisaivity S sr-jater than aero atnita 
’ nalee like thermal r^dlatlan at all wavelengthr. A radiometer is. a eery 
aenaltive mlaremave receiver with a seannina narrow beim antenna. See Figure 
a.l-gb. The t^diameter measures the apparent temperature T which is edual 
to ttmi product ET^. The ocean surface emissivity decreses as its surface 
becomes smoother.- NhL has reported cn the detection of oil spills with 
radiometer by an increase in T^ above, that o-f the surrounding sea surface. 
Padiemetry has proven useful in detecting precipitation since liquid water is 
electrically. lossy at microwave frequencies and it has a finite value of 
emissivity* With an increase in precipitation rate. The apparent emissivity 
of the total rainfall -intercepting the antenna beam will increase and- it ean- 
be detected. The radicmete)!!-~cah also provide information on~eceanio wind 
speed, sea ice extent and sea surface- temperature. 

The emissivity & of an arbitrary object has a value from zero to unity. A 
surface like tt^t of the ocean has an emissivity which is a function of its 
roughness, its piiyslcai temperature, the complex dilectric constant, the beam 
incidence angle, the beam polaizaticoi, and the radiometer frequency. The 
temperature resolutioh in T or sensitivity of a Dlcke radiometer is given by 



where T^ s system noise temperature 
S « flF noise bandwidth 

s post detection integration time. 
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Passive uv Radlemetec Bloek ttiagraia 











In geherolf aft objoftt esiits and alad rsflaota thefoai radiation. Thus If ttte 
atoo8{)hefte IttteftVdftiftg bettrsen tfts radlorteter and ocean aufface ta loaay tap 
axa&ple due to naln, the i»ain win atteatuato the signal efnanating ffott the 
ocean Efface and the min itself will efllt themal fadlatton. the radlcmieten 
will yield an apfianent tempenatufe given by the radiative transfer equations 

B t^(fitQ^Rota) ♦ - V 

where t^ a atttospherio transmissivity, o s: i 

fi . 8 surface emlasivity, 0 ^ E ^ 1 
ft ft power reflectivity of the ocean surface 0 ^ Rq**! 

T a equivalent radiation temperature inoident on the ocean 

St 

surface 

Ta 8 absolute temperature of the rain 

T a absolute oceanic temperature 
a 

The apparent temperature is dependent on the radiometer frequency, 
antenna beam polarisation and beam incidsnce angle. The first term on the. 
right is the radiation emanating from the ocean surface and the second term is 

that frtai the rain. 

Microwave radiometers have been used to correlate- oceanic wind speed to the 
apparent radiometric or brightness- temperature. An example of this 
relationship la shown in Figure 4.1-25 for a radiometer operating at 1.55 cm 
wavelength. It le noted that foam eff.ects occur at the higher wind speeds. 

The choice of radiometer wavelengths has a profound effect on measurement 
utility. Because the radiometric temperature depends oh a few factors, it 
becomes necessary to use a multi -frequency radiometer to help in the 
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Figure 4.1-25 Atmospheric Attenuation A Wind Wfeeta tnllueiuiltig 
Passive Microwave ttoAlometry 




tffptrAtlda or idootifieatit® of ttto viarioua eontriljutiiig j;oopbfsloal 
^atometors* ittie atanosoberit atteutuatiou atid henca atmospherlt aihlssion of 
fli-firotiavo iligiaU Aid t>o astar vdiiof and oicjrj^en Is also ditobfi in Flgiif*a 
4.1-2S* Tbd ntttlOBdtdr ffeqtidnttiea of signals that aw tfiost likely to observe 
tbe doeaii sia^aee are below i$ cfe and ia tbe 37 o& aad 94 Ofiz ibajiaoMs^. 
Uijttid water attenuates nicrowave signals at all frequeneies and tue amouiit of 
attenuation inereases aonotonically with frequency. 

Htt iffiB. I9as sifflcetfsfully reported jan the detection of oil spills .using 
radicBwtffl* aioonted in an aircraft. The aircraft was floan at a low altitude 
and tails resulted in a short range and in a small b^m spot size. TW two 
wflioBieters operated at 19.3 and 31.0 gH 2. a controlled oil ag>ill tas 
prodttf^ and the aircraft was flown over the spill. The increase in 
radionetrie brl#tness taigj«*ature aeasured ewer the spill and the results 
are sh®im.in Fl#ire 4.1-56. Also shown in tias Figure are a photographic 
outline of i*e oil slick and an oil thieki^ss contour. It is seen that i-iw*- 
radlomet«rs were responsive to only the thicker regions of the oil spill. The 
very thin oil fiin caned ^sheen* which -vas noted in the photograph did reveal 
t!ffl£t semie "sBOOthlng^ of the surface occurred due to the oil. khile the sheen 
was not obs^vable by radiometry, it could be observed by a syn'»-hetic aperture 
radar. 

A Hinitatit« of sstenite btswe aierowave radioaetry is its relatively large 
beaa footprint and hence coarse spatial resolution due to the Icng slant 
ranges Attempts to achieve fine resolution require the use of large 
antehftas. A graph depicting the relationship between frequency* antenia size. 
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anteima b«aaiil4tll« dlatii^ rditge and cinoular footjirlnt sUb id sttoim in F‘igu)?e 
4.1-27. In getittetrids where tha dit^euldi* fodt^nint diza a^roaehas the 
antenna site D, the ranse td the eeehe beddhed ddfli^as^ble td the far zone 
didmee, t t^/ fi tdiefe ^ is the ua^eiea«;th 

txit the ieonelried vheve the range td the dose is a^i*eeiably lees than 2 , 

the asitenttd Id fdeoded in....tha..near zone. Undef this doadition« there id a 
<l^th of .foedd associated with the geometry do that the focus may have to be 
ad jus ted scroll the field of vleH. With constant incidence angle scatmii^. 
tiM slant range is fined dsaH the focus does not require adjusttnent. 

Briefly e.tticroi&ee radiometer operated fn»a a satellite, off^ the 
eai^billty of detecting the extent of ice coiner and inferring ocean surface 
speed, ocean surface teo^perature and precipitation, ft microwave 
radiometer borne in an aircraft can be used to detect cii spills and to 
qttuitiry the oil if the thickness is greater than about O.i not. ftn ambiguity 
In thickness occurs with increased sea state ccnditions. 

neetartution for ocean gcllution Midsion 
The Microwave Hadicmeter conaiats of a scannidg 3.3 M aperture antenna 
followed by ten low rtJide, wideband receivers oparating at ft*3 GHz, 10.65 cte, 
18.? fiBz, 21.3 eat and 36.3 GHz. There are two separate receivers at each 
frequency tO aocotanodate tisi ttOrizikttai and vertical components of’ the 
radidmetrie signal, the dual channel receivers/sighai processors operate as 
total pMrer radlchieters with cold sky and hot load calibrations before and 
after each data scan» Figure 4.i»28 is a functional block diagram of the 
instrtflieiit. 
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Figure 4.1-2& Microwave Radiometer Block Diagram 










^BRFOftMAHCB PAftflMgfBaS 


Th9 <W6t»aU pepfdmaftee of tha Miopotm'fS ftaflionidt^p Is dofeepaiued *>y tfis 
eh(l-to*.ftna systosi is tths isLtiisim dstetjtabls ohan^a (op pesoiuticm), in 
radlofliatplo PlgHtftesa. the end-to-end system ^ T inOludSs measupement 
aoduraoy df the sensor andthe accupaey with which the antenna pattern 
terPeOtlons can be taade. 

the equation foe evaluating the instrument A T is: 


AT 


. 3f ^ /J 


xAere: T^ 

s 

s 

System Noise Temperature 


B 

s 

fiadlometer Bandwidth 


T* 


Integration Time 



J5 

Gain Stability Factor 

original 

POOR quality 

6 





The factors affecting the antenna pattern correction accuracy are: 
e Spill over 

e Side lobes 

e . Cross Polarisation 

e knowledge of scene radiometric temperature observed by spillover and 
side lobes. 

the factors of instruuSAt T and Antenna Pattern correction provide the basis 
for ehd-to-end system level trade-offs for optimzing mission performance. 


table 4. 1*5 shews rephesefttative paharndterS fw a raaionatdh aoitable fdh the 
eeeah pollutlcw mlsslbh* the ihstruaneht^s spatial peaolutibh f«s-the 4,^ 6Ha 
ehatmeiosed In waaa teaperatufe la isJ^geh than the 10 fCa foh that 

• aaasttraaeht. A ®ueh larger antemia <m seme ihereasein power would be required 
to iflipieaeftt this 10 &a re<iulrem«it for oeeati tempi^ti^. 
nAOXOtjgrBR SWATH COirgRAOE 

the swath ooverage of the Microwave Aadlotneter is deteraltted by the spaeeeraft 
ftlt5.tu<ie, the earth-lncldhce angle and the sector angle during, the data taking 
portleti^ofL the scan. Table 4.1-6 ehotw the swath coverage„for six spacecraft 
altitudes and two axlmuth scans at a fixed earth incidence angle ^ 

4.1-29 dsfines the tmis used for the table. 



table 4.1-6 

RADlOMStER SWATH COVERAGE 


ALTlttJbS 

Oi 

EARTH INCIDENCE 

On 

HAPIR AHGLE 

SWATH WIDTH 
12 OOSECTOR 

SWATH WIDTH 
l80*SECT(Ht 

63d m 

506 

44.045* 

1147 Km 

1324 Kffl 

?n0 Km 

5Q6 

43.653* 

1221 Km 

1410 Kffl 

730 ftia 

500 

43.2700 

1295 Kffl 

1495 Kffl 

^OO Km 

5Q6 

42.8960 

1366 Kffl 

1578 Kffl 

650 na 

500 

43.5290 

1437 Kffl 

1659 Kffl 

900 Km 

500 

43.169*' 

1505 Kffl 

1738 Kffl 

ASSfiSgMFtlT 0? 

SRMSOfl StllTABlLITY 

FILTER At 




Is the relationship between observable and tfeasuredent well developed? 
tes; Algorithms have be^ developed for use on the SeaSat-A SMMR data which 
will provide the four geophysical paraiteters desired. 

F*ilter Sj as there sufficient seftsltivity frofl orbit. 

Uai there iS sufficient sSftsltlVlty frotS orbit when the conditiohs described 
under Filter C are met. 
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SOON soil lOaHlltflSH lOH 




Enter Cl CM the eehsor meet the user perfomanee retiulreaente? 

|ee| (lodM the fouewihg eehditidna* 

e the fltorewttve Radiometer data is used synergistloaiiy with the 
so&tterotteter data for the wind spieed neasureneht* 

0 Pull advahtage otuat be taken of the ahtenha'a meter aperture 
(l.e.refleotor..ld not under illuminated) to meet the 5 Km spatial 
resolution required for the loe Cover-Bxtent. 

Pllte^O* Are the required vieii^t) uolume and power compatible with nedr*>term 
satellite systems t 

Yes ; Based on SBABAT A NOBB desi^* 

■ TECHNOLOGY IMPLlCAtlORS 

The hardware technologies that need to be developed for-the LAMMR are: 
o Multi«-?feGuettcy Antenna Peed and Reflector. .Design to meet beam 
efficiency requiremaits. 

o The implications of rotating a large antenna reflector at 

approximately 60 RPM.with stringent requirements on mechanically and 
therm*' lly induced distortions, must be carefully investigated. 
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A. 1.2. 4 Mierowavo Altimetat 


Patfawatar Mftdtffarad 

tha ptlttaty fuflCtlOft of the Microwave Altlwotar la to meaaure the pulse rouud-trlp 
time and shape. These tteasurewents are made at the satellite suhtraek and are 
combleed to provide oft6*seeohd averages for the parameters measured. 

The geophyaical parameters measured by the Microwave Altimeter that can be used 
in the ocean pollution trajectory model are. significant wave-height .and Ice 
thlckneaa..(tn£errfed from altitude measurements) other parameters that can be 
determined by the altimeter measurements are ocean surface wind speed (at Nadir) 
and ocean currents. 

The user requirements for the geophysical parameters measured by the altimeter are 


Shown below: 

ocean 

Current Soeed 

Ice thickness 

Significant 

wav6*Helrtht 

Precision 

5 cm/sec 

0.2 m 

0.3 m 

Accuracy 

5 cm/sec 

0.5 m 

0*3 ni 

Range 

0-300 ctn-/see 

0-50 m 

0-25 m 

Frequency 'every N hrs) 

6 

24 

3 

Delay (hrs.) 

3 

6 

3 

Spatial Resolution 

10 km 

5 ten 

10 ten 

sensor Descriotion - Theory of operation 




A microwave altimeter is a noti Imaging radar capable of measuring range with 
extreme precision, with its antenna beam pointed towards nadir, the sen«)r botne 
in a satellite measures the distance between satellite and ocean surface. The 
high precision radar effectively emits a pulse of very short duration, and if the 
ocean surface is rough in its physical features the return pulse will have a mote 
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ewflual tUa tube and longat return pulae due to the ’*depth”- 0 f tee aurface. in 
thla (nattnei* the microwave altimeter la capable of measurlrtg the aea state, or 
significant wave height, designated as H 1/3. The determlnlatle orbit or ephemerldes 
of the satellite can be calculated with high precision. Because of this precision, 

It is possible to detect fairly abrupt changes In the ocean surface elevation 
caused by ocean currents such as the Gulf stream, 

A diagram Ulustratlng the effect, of sea state on the retum-pulse rlsetlme chardc- 
tetlstlc Is Sherna in Figure 4.1*30. if the sea state is low, the rlsetlme shape 
win be fairly abrupt as Bhom by the curve labelled "o rms waveheight" . As the 
sea state Increases in roughness, the rlsetlme shape will become more gradual like 
the curve labelled 4 rms waveheight. Knowledge of the sea state can be utilized 
tc Indicate the degree of mixing of any oil spill and possibly predict the oil 

fate, sea state information also can provide confirming data on oceanic wind speed 
at nadir. 


Fairly extensive studies to investigate. Gulf Stream activity using a satellite 
borne altimeter have been conducted by NASA Wallops. The presence of ocean currents 
is manifested’ by a change in oceanic surface slope along the cross-stream- direction. 
The current velocity Vc is given by: 


a G H 
F X 

where G « gravitational constant 
P » Condi s parameter 
H a surface height 
X • cross-stream direction 


OUIGINAL PAGIC IS 
• OF POOR ()L.U,iiY 


By mapping the Gulf stream area from many satellite passes differing m ground 
track, the ocean current characteristics have been recorded, single satellite 
passes extending for a period of about one month have been necessary for this 
eharac tetlza tlon . 
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FIGURE 4. 1-30 

FOIMATION OF PROCESS li«G GATES FROM 
ALTIMETER WAVEFORM SAMPLES 





1 1 .: 


the itterewave AltltBetet for this appiieetioft operates at 13. S chr ± 160 HHz and 
ii eeeentlally e ahort phlse, chirpfifii_£a4ar operating in a pnlse<^«idth-lii&itad 
node. It trananits 2 kileeatt pnlaes, chipped over a 320 Hlir handv/ldth at a 
1020 hz pnise repetition frepoeneyi The signal processor uses digital filter 
teehnipnea to provide 60 satBples, separated hy 3.125 nanoseconds of each retvm 
pnlsa in order to determine the return pulse shape. 

figure 4.1-31 illnstratea the pulse limited iHtxainated area and a typical return 
pulse shape. 
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Figure 4.1-3'i Pulsewldth Limited Geometry 

Figure 4.1-32 is a. functional block diagrath the Microwave Altimeter. One of the 
key features of this instrtiHenc is the utilization of tuc ” full-deramp" technique 
where no conqpression filter Is required in the receiver but, instead, s properly 
timed local osciXletot pulse is generated that duplicates the linear - FM f "chirp*") 
modulation of the transmit pulse. 


Figure 4.1-33 shows the configuration of the Altimeter flovm on Seasat-A as well as 
its heritage. It is highly probable that a similar .Altimeter will fly on the 'rO'T 
spacecraft . 


FIGURE 4. 1-32 

i ALTIMETER BLOCK HI A(»AM 







rim Matit nolo loi»/e<n) 


Pertdtteantfe gaiaamt^^g 


Ite mctowaw Altiseiter petfottnatice Is detetmlttefl iQr the j, faetoir tthlch is 

as hsight ndlss. the Sipiatioti { 6 t height eelse pe^fdnaaftcd as a ftmetlott 
of dlgsal to noise ratio is; inelnded below and a plot of this e<(tiatioit is shown 


in Pignre 4.1«34 



vlbmxni 

S|i • baight Boise (ia oeters). 


'? * V - 

8> • Bttabsr of fates ee^ioed- to feta 
tneklSf t*te« 

Of • sfstta' . 'int totfoe eesOlvtloB 
0.426 el. 
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Figttfe 4.1-34 tnhetettt Precision Capability versus Waveheight 


Asfl-^SSBtent of SenSor Snttabilttv 

Filter A; Is the retetiObship betveen observable and measurement well developed? 
Yes; Algorithfts have been developed for use on Sedsat-A data which will provide 
significant waveheight (H 1/3) and ice thickness and ocean Currents as inferred by 
small variations in apparent spacecraft altitude. 










IS theW Sttffieleftt dSttSltivlty frdia otfbit? 
tea : but with the llttitatlettS desctibed Iti filter C. 

flltet C : Can the seusot weet the user petformdttce retiulrements? . 

fettiallv ; the settSltivity is edequete fer measuring sigftifitent wavehcight 
(H 1/3) and Sdmeuhat margitidl for ocean entrant and ice thickness. Spatial 
resolution is the biggest liisitation, since the instrument..is.a ••spof detector 

with nadir pointing. 

filter D t Are the required Wt. Vol. and power compatible with near-term satellite 
systemst Tes . 



4.1.3 ASSfiSSMfiNt Of OWICAL SED90KS AKO SfiNSim tECflSiQUBS 
Oteafttc pollution originating froto oil spills and dotttSstlft/ln»' •»trlal wiata 
disposal, were analjrted relative to remote sensing in the UV/VI aible/lR spectrum. 
The principal epplloatlona examined dealt with the detection ,_jaappittg of the 
areal extent (and boundaries) , and species identification relative to oil 
Spills and waste dut^s. With respect to pollutant quantification, measurement, 
of the thickness of oil spills, as well as the concentration of waste pollutants 
were examined’. 

As a preface to the discussion of specific sensors and sensing techniques, we 
axe presenting a hrief summary of the general capabilities and limitations 
inherent in optical of sensing of ocean pollution parameters. 

Atmospheric Attenuation Effects 

The spectral atmospheric transmission over a path length corresponding to the 
total effective atmosphere is compared to that along slant ranges occurred with 
existing platforms. 

The mottochtoftiatlc transmittance along a path Ail in the atmosphere iS given 


T *» exp ( - c< * A L) (1) 

Whereof is an attenuation coefficient ando*s = o^+ K (2) 

wherecria the scattering coefficient and K is the absorption coefficient. 
Tlie transmittance along j layers of atmcerhere is: 

Tj = exp ( ^ j ‘Ad (3'' 

where Al = AZj sec© for 0 =' 
and AZj • vertical distance increment 
0 


= zenith angle 


Valuds of tt fot Zj • 1 ftn as a function of altitude between 0 and 100 Ito 
fov sevetal ffiottoohtoaatic t^velengtha in the ulttaviolat, visible, and neat tfl 
sfieettal regions ate used to solve equation (3) . The oases that were examined 
included a vettioal b^th, a standatd mid^latltude summet atmosbhete, and sensot 
blatfoxms-located above»atuosphere and at 1.0 Km altitude. The above-atmosbhete 
case represents a spacecraft platform, the 1.0 Km altitude represents the 
operating region of aircraft systems. The results are shown by the "ultra- 
violet/visible/near-lR** bars plotted on Figure 4. 1.3-1. 

Based in transmissivity charts, average transmission in relatively broad 
infrared bands was computed. Their use- results in the "thermal IR" data 
shown on Figure 4. 1.3-1. 

From this figure it is noted that overall atmospheric transmission is not 
severely degraded in the near-IR and thermal IR bands when moving from a low 
altitude aircraft to a platform above the atmosphere. The degradation becomes 
significant in .the visible spectral region and severe in. -the. ultrav.iole.t. 

It is to be noted that .the data of Figure 4. 1.3-1 corresponds to ideal con- 
ditions. Operation in the ultraviolet, visible and iR will be prevented in 
the case of Significant hare and/or cloud cover, l.c., these spectral regions 
do not allow "all weather" operation. 

Dav/Nteht Canabilitv 

Passive sensing in the near UV, visible and near IR generally depend upon 
reflected solar light and therefore are performed in daylight. The exception 
Is the use of starlight, diffuse Illumination, and lunar albedo, in certain 
low-light-level sensing In the visible spectrum. Thermal IR measurements will 
depend on emission from the ocean surtace, and are performed during the day 
or night. 



jtrtil Atmospheric Transmission 




Attive teclmiqwa uaing Udet tUuminatiou can be per£dr«ed attytlrte , . but with 
Uas c&attA&t dutltig dayti4ie. The use ef laset lUuiiilnatidtt in the ?tautiho££ot 
abs6tpti6ft beads has beea suggested as a possible means o£ Incteasing the 
coattaet even undet maxlinum solet £lux conditions. 

Cloud Covet* 

A basic limitation of optical sensing of pollutants on an operational basis 
is the intermittent obscuration due to cloud cover, for instance, the 
following approximate set o£ statistics apply to the north and south sectors of 
the b.s. east and wear coastal region. (The data is extrapolated from world- 
wide statistics in the NASA -Marshall Study; "World-Wide Cloud Cover Distribu- 
tions for tJse. in Computer Simulations", NASA-CR-61226 , as discussed in Ref. 129.) 

In Che winter, typically in January, the probability of cloud-free conditions 
is less than 10% in all sectors except the south-western coast which has an 
average probability. of 37%. In the summer, typically July, the probability of 
cloud free condition is slightly less in the southwest: 31%. However, the 

requirement for 100% cloud-free condition may be too stringent, sine a it is 
possible to obtain significant data in partial cloud cover. Examining the 
probabilities of less than 30% cloud cover, a 12-15% improvement is seen in 
all sectors, with the maximum probability still in the south-western coastal 
area, namely 50% in the winter and 43% in the summer. 

Reflected Light from Oil sltcka 

Reflectance contrast between oil and the surrounding ocean water is the primary 
means of optical detection in the near U7, "islble and Near infrared spectrum. 
Both oil and ocean water absorb and reflen- incident light, but the net re- 
flection of light on oil Is higher than tlu" nn water. Fluorcscenco ■-'f oil 
is caused by the re-emission of c\ portion o!' t-hn absorbed IT enerex'. at a 
different wavelength than the incident ligl T-liis nhenomcnon la exninl-ed 


Itt the Uttpettent teehtti^ue o£ ueet Fludt&iensitig, which will be diecussed la. . 
Sectlch 4.1.3. 1.4, (Refstetices 39, 4l). 

Itwthe visible speetttim, the ladex o£ teftaetldft d£ ttost fosell hydrocarbons is 
higher than that of ocean water, fixpcrlments have shown that reflection of 
oil is the visible-region between 0.4 microns and 0.6 (uierons offers less 
contrast than that below 0.4 microns and above 0,6 microns. Another method 
of detection uses reflectance contrast from ocean surface glitter. Wind stresses on 
the ocean surface produce capillary wave activity which is easily detected 
from space in terms of reflected solar light. Since an oil film suppresses 
capillary activity, the presence of oil is evidenced as an area of reduced 
reflection. It was found by Deutsch, Strong and Estes (Ref, 87) that the 
observations are possible when the elevation angle is e<iual to or greater than 
40^; in Landsat, for instance, the optimum elevation angle is 55°. 

Radiance contrasts is the neatainftared region of 0.75 to 1.1 micron can also 
be useful in daytime monitoring of oil slicks. 

IR Emission from oil Slicks 
j The IR emlttance of oil varies with type of oil, oil thickness and aging stage. 

Factors affecting oil/water contrast in the thermal Infrared region (e.g. 8-13 
I*. micron) are differential thermal conductivity, absorption of solar energy, 

j. evaporation rates, and oil thickness. Temperature differentials in the water, 

[l due to surface currents, thermal convection, and local upwelling can produce 

ambiguities In the sensing of oil slicks. 

1/ Waste Disbosal Pollutant Surface Characteristics 

.1 

i Among the major categories Of waste disposal pollutants, v;hlch Include acid 

waste. Sewage sludge, pharmaceutical waste, and dredge material, only portions 
of the acid wastes have positive buoyancy. The remainder of the materials 


1 


M 

sink vlthin 4 to 8 hduts aftef being dumped into the odaan, thorefete making 
deteetinti- imptobable using sampling ffoguoneies (a.g. lta& spaee) of oneo ot 
twice per day. Detection of sewage plumes from sources such-ae ocean outfalls 
is possible due to the persistent flow sewage water into colder ocean, a con- 
dition that sets up connection as evidenced by a higher surface water temperature 
in those regions where sewage diffusion is taking place. A thin film of oil 
often forms in areas where sewage is discharged Into the sea, due to the 
presence of some oil in the waste- material. 

Spectral Reflectance of Ocean DtanPed Wastes 

Significant contrast between the radiance of waste plumes and- the surrounding 
water makes. it possible to detect and map the eictent of these plumes through 
aerial and space observations. . The contrast varies -with pollutant material, 
concentration (or dilution), observation sun-angle, and atmospheric effects. 

Johnson (ref. to) has been successful in normaliaing the environmental variables 
of a scene by tn-scene background el-iinination. The teehnique uses radiance., 
ratio vs. Wavelength characteristic curves as signatures for materials such 
as acid- industrial waste, sewage sltidge, and biodigested waste. Figure 4. 1.3-2 
shows examples of such ratio curves. Step-wise regression analysis has been 
performed to extract pollution concentration information from aerial data 
(ref. 70). 

Ambiguities exist in the interpretation ot* spectral radiance data to differentiate - 
for instance - between waste lollntlon and clouds (in spacecraft data) and 
between waste pollution and .<iodltr.en*:. Classification techniques to circumvent 
these ambiguities have been developed by Jt'ellcr, Simmonds and Morrison, and 
have been employed by Klemas (fef. 140 . Tbc techniques employ "eigenvector" 
analysis utilising various spectral bards as variables. The angular separation 
bem'feen /ectors tft a plot of radl.-’n^e af: the various wavelengths becomes the 

IV 3 








dlsetimltiAting 'aetot. 


flenflot/gettsitia Teghntaue Categories 

thd fdllowlttg dubseetldns telatad to o^ifiloal donaiAg ato sub-dlvidad into thvee 
edtegoties: 

X. Sdnaora eutrefltly opdtatad aboatd-altetaft placforma 

2. EKlstlttg or planttdd dpadsctaft sdnaorfi 

3. A dadlcdtad apace baaed ocean pollution optical aenaor. 

genaora tn each category were aaaeaaed relative to their, .aultability to aatiafy 
the requlrementa of the oceanic pollution tniaaiona. The methodology for the 
aaaeasittent waa deacribed in Section 4.1.1, and the re^uirementa in Section 3.3. 

4. 1.3.1 fileetro-Ostical Sensora Employed in Airborne Petection 

The approach taken relative to this firat category of senaora waa to asaeaa 
specific airborne aenaors which have either operationally or totperijnentally 
proven eapabilitiea for pollution monitoring. The asaessment conaiats of an 
extrapolation of the airborne electro-optical senaor eapabilitiea to space-baaed 

capabilities in advanced versions of the sensor for adaptation to the shade 
environnent and different Viewing parameters (e.g. altitude, atfttospherlc windows). 
Table 4. 1.3. 1-1 shows the sensors considered in this category, and the general 
use of the data relative to the oil pollution mission. 

4. 1.3. 1.1 Low Light Level Television (L^ TV) 

Parantaters Measured 

Airborne L^ TV settsors have been primarily used for the detection and areal 
mapping of oil slicks. The signature mechanism Is the relative reflected sunlight 
return as set by the difference in reflectivity between the oil and sea water. 
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TA8LE4.L3.H. 

ELECTRO-OPTtCAL SBMSORS EMPLOYED IN AIRBORNE 
OIL DEFECTION SYSTEiSIS 
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0 SURFACE TEMPERATURE 


The reflectivity llfferenee id ectoftgest in the ultraviolet. The tV senecrta 
thue coottonly Ojserate In Che near UV (0,3^m-0.4^te); thle near tJV r60lon was 
net considered out of the question from the |}einc-e£*view of atmoeyheric trans- 
missivity, based-on the previous analysis as evidenced in Figure 4. 1.3-1. 

In some cases, a rotating yolariting filter is employed to detect polarisation 
differences beeueen the reflected sunlight from aea water and the oil slick.- 
flotation of the filter produces a flashing image when observing an oil slick, 
providing a discrimination and detection aid. 

Detection and mapping of oil in water is possible due to the higher reflectivity 
of oil than water, up to higher in the spectral region in question. 

Since J:he reflectance of oil is dependent on oil -type and slick thickness, the 
potentiality for classification and quantification thus exists, however, data 
interpretation in this application requires additional signature analysis and 
data base accrual. Synergistic use of other sensor data, e.g. microwave; may 
be necessary to separata the variables of oil type and thickness. 

Description of the Sensor 

The components of the TV sensor are shown in Figure 4. 1.3.1. 1-1 . 
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FIGURE 4.I.3.I.H 
LOW UGHT IfVa TV IL^TVI SENSQR 









PtATFORWlS 




Till} detailed ehdtaetetisties of i ty^lcdl alt«/otne TV system sueeeeefully 
in oil sliek deteetton ate pr^setit'^d iti Table 4.1. 3.1-1. 

laflLE 4. 1.3. 1*1 tv CHAftACTERlSTlCS 


(1) televisioft pickup tube; SEWVICOn 

• Spectral response from somewhat less than 
0.4 micron to 0.8 micron 

e Slightly greater sensitivity than standard 
silicon diode vidicon 

(2) Lens: Fuji 8:1 Zoom 

« Speed • f/2 

• Focal length adjustable ftom 12.5 mm to 100 mm 

(3) Spectral Filtet: fodak 18A 

• ftimary spectral response in 0.3 - 0.4 
micron region 

a Some spectral response in 0.65 - 0.85 
micron region 

(4j Provision of a rotating polarizing filter for 

a detection and cHscrinination aid. 


Parameters 


'**,■ <'* t**? I 


i:o‘'cvioiort system observes cn extended sCfene, i.e., the oil slick is assumed 
fill at least one resoltition element. For this condition. 

•i *- ••-oise ratio will scale as 1 , where F is the lens speed; if all 

F“ 


'.»ns are equal. 


■ t “m an aircraft platform to a spacecraft platform, the condition 

’•’•■cl ficantly changes is atTnosphero tranimission. Considering the 


t^S{idnSe of thd Kddak 18A £iltae.4nd the data of Flgute I, thd ptlmary effect 
of this change will he tn the neat ultraviolet, l.e., in the region of o.:f 
to 0,4 laieton. Conatdering secant scaling with zenith angle, a reduction in 
atttoepherlc tranetilsslofl by a nominal factor of up to 4 at this wavelength Is 
for zenith anglea between 0° and 45** is inferred froiA Figure 4, 1.3-1. The rceulte 
acallng of optics Zpeed is: 

= (2)^ 2 = 4 

(^Zpaeecraft)^ ^^spacecraft^ 

p 

spacecraft » 1,0 


The requirement la thus for a relatively ’’fast” lens, but not excessive in 

terms of mechanization constraints. The L^TV sensor thus passes the ’Vetectivir>'" 

filter. 

OniC’SNA- 

oi' pi H.ai 

Resolutiort/Field-of-view 

Modulation transfer function CITF) representative of the baseline television 
pickup tube is Shown by Figure 4. 1.3. 1.1-2. The commutations on the f-ini-- 
MTF to an effective resolution element sine. These arc performed usinr methodoi ''v 
described in Reference 152. An effective resolution element diameter of 
7.14 X 10 mm is indicated at the retina center. The average site over the 

retina is taken as 1 x 10 ^ ran, a nominal factor of 1,5 larger than the 
center value. The effective raster Is 0.5 inch fl2.7 mm) horizontcl end n. 37 t j-r) 
(9.53 mm) vertical. ’27 horizontal resolution element and 95 vertical refo?vtir- 
elcments dre thus available. 

The horizontal dimension is assigned to the cross-llnc-of-slcht cirect-on. < 

3t*(l)CG3n foot pirlnt thuri coTtrcjsoonds to the 12*7 ^ ^ 


aSLATIVE RcSPOMSE - PERCENT 









The. foot pnnt d£ the vettlcil dlttensiott (ift the projected lltte-o£-glght 
diMctloe) cotrespoiids to the $.5 (nm dimension divided by the cosine of the 
senlth angle, for a represents tive tenith angle in the region of 45 degrees, 
the £leld‘>of<*view. foot print is then nominally stjtiare. 

A representative spacecraft altitude of 570 Km was used in the analysis, 
although higher altitudes would also be applicable. At a tenlth angle of 45 
degrees, the slant range._is then 5.70 Jc 10^ loa/eos 45® = 8 x 10^ Fin. The 
field-of-view of the television-camera is given by: 

fOV " H radian (1) 

f.l. 

where D is the horizontal retlne dimension ■» 12.7 mm and f.l. is the lens fecal . 
length in mm. The size of the ocean foot print is given by: 

S - (R) (FOV) » i.y. CP) Km (2> 

where R is the slant range « 8 x 10^ fth. 

The re<}Ulred lens focal length as a function of S is computed from Equation (2). 
The corresponding lens diameter is given by: 

Do = fa^ (3) 

F 

where F is the optics F>numher« earlier established as 1.0. 

The system engular resolution is given by: 

tad (4) 

where is the retina resolution element size of 1 x 10"^ mm as determined 
by the method shot<7n on Figure 4. 1.3. 1.1-2. The foot print size (/^ S^') in 

cross line-of-sight direction Is given by: 




The feet prltie site ef iti the projected dlmenston along the liite-of> 

sight Is given bjri 

St * ft* K IQ^) ( ) Kto (6) 

eos<^ eos^ 

Wheve^ls the tenlth angle, taloen to be in the tegion of 45 degrees. 

Note that the site of an optics diffraction limited IfT’.fiaussian point spread 

function (PS]?) diameter is approximately where T, is the wavelength and D 

Do » •*• o 

is the Optics- diameter. The ratio of this quantity to the instantaneous resolution 
element site as given by Equation (4) is: 




Ax 

1 .Do 


0.4 X 10-^ cm 

®o. -3 

» 4.0 X 10 

1 X 10*^ cm 

I 


The optics blur circle will thus cont1^1bute a negligible effect to overall 
resolution element site. 

Pigure 4.1.3.l.l«»3 shows plots of lens diameter at at^scene field^of-view versus 
cross line-of-sight at-scene resolution. These curves provide parametric 
trade*offs of these quantities. For example, a resolution of l.O Km corresponds 
to a fleld-of-vlew of 115 m and a lens diameter of 8 cm. if 0.03 Km resolution 
is required, the field-of*view is decreased to 3.3 Km and the lens diameter is 
increased to 2d0 Cm. 
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Figute 4.1»3.1. 1-3. L6ns DlaSietet and Field of View vs. . 
K..ol„tioil Fot Sp«.-Ba.W l 3 TV Sanaot 

Television systaaa have previously been operated aboard remote-sensing spafco 
vehicles, for example; the return. beam vidicon (RBV) camera on LANOSAT. This 
indicates general compatability of the L^TV system with spacecraft size, weight 
and power constraints. 

Assessment of sensor Suitability 

The assessttient of t^tv capabilities for die space based application is sum- 
marized in table 4. 1.3. 1.1-2. As noted, the unsatisfactory swath width/ 
resolution tradeoffs make the sensor unsuitable for the space baaed system. 
Specifically, with 30 m to lOO m resolution and a swath width of 390 ktt, the 
optics size re<lUired for this application W>uld not be practical. 



tABLS 4 ,1.3. 1.1-2 TV ASSESSMENT SUMMARY 


o Eassed Filtdt *'A" Atid Opetatlonal Seatua) 

- in Cuttetit Alrbortia Syatema (LA0S3) 

o Passes Filtet (Detectivity) 

- Factor 6i 4 Detectivity Ittcteese Requited to Oveteome Ineteesed 
Atdospheric Attenuation 

- Can be Achieved by going to Paster Lens and/ot More Sensitive 
Television Fick-up Tube. 

•• F/1.0 Optic 

Silicon Intensified Target (SIT) Vidicott 

0 Filter "C” (Degree to which User Requirements are met) 

« Resolution, Swath Width and .Optics Size are a Parametric Trade-off, 
for example: 


RESOLUTION 

SWATR WIDTH 

OPTICS SIZE 

m 

(KM) 

(CM) 

0.03 

3.3 

260 

1.6 

110.0 

S 

0.5 

55.0 

.16.... 

Docs Net pass Filter "C* 

- Email Swath Width at 

30 M Resolution 


- All User Requirements Not Met 



4. 1.3. 1.2 UV/IR scanner 
parametets Measured 

The uV/lft line scannet has been primarily employed in oil slick detection. It 
ptovides scanned detectotsin the ultraviolet and thermal infrared spectral 
regions. Typical detector types are a silicon photodiode for the UV and 
mercury cadmiutl telluride (Hg Cd Te) in the infrared. 

In the ultraviolet, reflected solar radiation is observed. UV detection is 
based upoil the reflectivity difference of an oil slick and adjacent clean 
water areas. The parameters measured by the UV channel are equivalent to 
those of the TV, as discussed in Section 4. 3. 1.1. 
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the ehduul. iftfiMted ehdtmel detaets atid- imaged the oil allelt by meafis of the 
tempetatuife diffeteftoa between the oil and mtat. The infvaifed emlttance from 
oil la a funetiott of ell tyt^e* the ell emittanee varies with bulk thlekness 
irtien the bulk -emittanee of the oil la significantly different from that of 
t«ater. 

If an ell film exists on water, the thermal .exchange with the atmosphere is 
altered. The at>parent observed temperature differences Which result, however, 
are significantly modified by cloud radiance reflected by the oil. This 
effect is strong enough to cause contrast reversal for the condition of a 
clear versus an overcast sky. The apparent radiometric temperature difference 
is also- effected by other factors such as thermal conductivity, evaporation rate 
of water, and evaporation rate of volatiles- from the oil pollutants. The 
specific relationships are not clearly understood, therefore, the use of the 
thermal infrared data for classification and quantification of oil slicks is 
subject to significant uncertainty. 

Description of the Sensor 

The UV/IR sensor concept is shotcn in Figure 4. 1.3. 1.2-1. instruments of this 
type are presently operated by the United states Coast Guard and the Canada 
Centre for Remote Sensing (References 149, 150, and 153). These define the 
baseline characteristics of a representative operational airborne sensor as: 

1. Spectral channels 

UV: one channel in the 0.3 to 0.4 micron region 

iRj one or two channels in the 8-14 micron region (8-9 micron and/or 
broadband) 

2. Instantaneous field of View 

Linear* = 2.5 x 10"^ rad. 

Solid: .XI* ® 6.25 x 10"6 ster . 



0 e- SCANNED FIBU OF VIBH* lOOP 
o SCAN BATE >80-180 SCANSfSEC FOR AIRCRAR SYSTEM 
Q PROVEN OIL SLICK DRECTION CAPABILITY WHEN OPERATED ABOARD 
AIRCRAR PLATFORMS 



3. Sb&mnA Field of View: 100 degrees 

U. seatt Methodology 

Mirror scan perpendicular to aircraft longlJUidirtaLjJxis 
Fbivard scan by platfom motion 
3s, Optics A product: 

= 40 ctn^ X 6.25 x 10“^ stcr. 

= 2.5 X 10"^ Cra^ - ster. 

6. Optics Efficiency « 0.4 2 

(Effective « 2.5 x 10"^ x 0.4 = 1 x 10~^ cm^ - stet. 

7. Scan Rate: 80 to 100 Scans / sec . 

Fferfortnanee Parameters OUIGIXAL PAGE IS 

OF PO'^R Ql'AUT\ 

Detectivity 

Operation against a resolved scene is assumed, i.e., the oiL slick fills at 
least a resolution element. Under this condition, a ptinie factor determining 
the detectivity is the increase in atmospheric attenuation occurring when 
raising the sensor from a location near the earth's surface to one above the 
atmosphere. From Figure 4. 1.3. 1-1, the increase in atmospheric attenuation for t!ii 
condition is noted as a factor of 4 for the UV. The corresponding factor in 
the 8-14 micron IR region is 1.2. The UV channel thus suffers the most severe 
detectivity degradation due to atmospheric attenuation. 

A cotaiiOtt reflecting optical collector with follox^?ing splitting of the collected 
energy to the UV and IR channels is assumed. The required A product to 
offset the increased atmospheric attenuation is set by the maximtan requirement 
set by the UV channel. The teqtiired value io noted as: 

A'XL ® 2.5 X 10*A X 4 = 1 :< 10*3 cm- - .ster. 


fledftattV 

* the deteetot ter each channel la aeatttied In- the dlreccidn petfitendlcular Cd the 
. eireraft lottgltudlnel a^cla (flight dlreetlen) hy & totating mlrm. Far a 
ajiaeeetaft platfdMn altitude e£ 370 km the at-acean width va. active scan 
angle la given by Figure 4. 1.3. 1.2-2. the eemputatlons are baaed upon a flat> 
earth appreaimatien, taken as a valid assumption at 570 km platform altitude. 

Figure 4. 1,3. 1.2-2. Swath Width vs. Scan Angle 
For Platform at 56-7 fon Altitude (UV/IR Scanner) 



Effect of Seannina Conditions on Deteetlvtty 

It la assumed that design of the scanning subsystem will take into account the 

angular velocity V/R of image taotlott, Where V Is the ground velocity of the 

subotbltal point with respect to the platform, and R is the- range, the scan 

time T is sit such that the detector instantaneous field of view is dlaplaced 
8 

along the flight direction by R« A^at the beginning of successive active 
scan intervale, where A# is detector instantaneous field of view in radians. 
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fot the atrteme placfetia, fepeeaeiitatlve values o£ V and R are 150 mph 
(67m/see) and lOOO ft (305 a) , taepeetiveiy. The cotfesponding | i?atlo is 
0»22 tad/see. This closely teifiiiaires with the design value of 0.20 given in 
Refetenea 14. The coffesftjiildliijt soan time is thus; 


K • » V*T 

8 


(14) 


and, fotf the altera ft platform: 


T„ n B * ^ = 5 • 

® V 0.2 

Fot the satellite platfotm at 568 km altitude, V is 7.0 km/sec. Thus: 

I • 7.0 „ 0.0123 

K see 

5^7 Imi 


Theft, fot the satellite platform: 

81.1 *6©“ 


‘a 


0.0123 


The scan time fot the satellite platfotm is then 81.1/5 = 16 times that of the 
altcfaft platform for equivalent angular resolution. 


The sigflal-to-ttolse ratio (S/N) sca7es with 1 , where Af is the 

ftotse bandwidth of the signal processing electronics. ^ f is proportional to 
I ♦ 'diere t^ is the dwell time, given by; 


td • 

Where ^ is the 


^ * T. 



scantling efficiency. 


1 

^2TT 




(15) 

Slgnal-to-noise ratio thus scales as: 

(16) 


and an advantage will be gained if T is increased As shown earlier, T is 
16 times greater for the satellite system than for the baseline system due to 
V/R considerations for equivalent and Q . This provides increased S/i: 



Values of K as thus computed for 0 * 50^ (0.873 rad; and 25 (0.436 rad) aJonr 

♦4 “3 

with values of A between 1 x 10*^ rad and 5 x 10 rad are substituted Into 

equation (17) to calculate corresponding values of A The quantltvyi i'" 

2 

set as (A to estimate the required value of aperture area A and thus 
aperture dlatneter n^. 

Resulting curves of optics diameter d^ vs. resolution at the ocean surface 
are shown on Figure 4. 1.3.1. 2-3. The indicated swath widths are total size, 
i.e., twice the +X values previously shown on Figure 4. 1.3. 1.2-2. 


The curves as shown apply to duplicating S/N achieved with the airborne sensor 
in the UV channel at the satellite platform conditions. Better performance 
should be achieved in the IR channel(s) since the IR atmospheric atcenuatior. 
increase is 1.2 , ^ a case. Thus, the sensor passes the detect 

ivity filter. 

Assessment of Sensor Suitability 

The assessment for the UV/IP. Scanner Is summarized in Table 4. 1.3. 1.2-1. 
shown, the requirem*-nts •-■•.'r the snacebaseJ appl icit ien are not met since 
acceptable resoluti in cannot be achieved at reasonable ontics size an-l vaf •. 


FIGUHE4.I.3J.2-^ 

CS DIAiWEFER VS. RESGLIFTION AWO SWATH 
WIOTKFQR UV/IR SCAWN01 
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4. 1.3. 1.3 Airborne Multisfjfcccral Scanner 
I*araffletg»8 Measured 

Airborne Hultl*spectral scanners enhance the detection and identification of 
objects by making use of the contrast ratios that exist in narrow spectral 
bands. The spectral re$;ion generally covered includes the near-ultraviolet, 
visible, and near infrared. This type of instrument has been successfully 
operated against several pollutant types including oil slicks, acid plumes, 
sewage sludge, and bio-digested industrial wastes. The data provided yields 
synoptic classification and quantification of the polluted area. 

Classification is accomplished by measurement of the spectral signature as 
established by the relative pollutant - water radiance in several narrow 
spectral channels. Quantification, i.e., oil slick thickness or pollutant 
concentratloh, is established by the magnitude of the radiance in selected 
spectral channels. 

Description of the .Censor 

The Airborne Multispectral Scanner Sensor CAMSS) concept is sketched in Figure 
4. 1.3. 1.3-1. A representative system '^as been successfully operated by Entera 
Environmental Consultants, Ltd. Ottawa, Ontario for the Canada Centre for 
Remote Sensing (CCRS). The sensor characteristics ('References 150, 153 and 156") 
are summarized below. 

The airborne multispectral scanner is similar to tlie 'T/IR scanner discussed 
in Section 4. 1.3. 1.2. The icy dii“<'renco is that, in the '!S3. the IT channel 
of the IT/TR scanner is roolaccd witii a dispersin'.: s: octronetor . ■■•itector' 
are provided to give several narrow ^-'octral t.hannel'- 'rom the ' to the 
r.oar-IR. Roo'^esentativc spectral c’Mnr.er- arc e . in:; tr’ "* enc . 







these .aret 




0.3d ^ 0.42 ittierett 0.4 0.6S fiiletfoii. 

0.42 *• 0.45 ttlctett 0.65 - 0.64 mletdn 

0.45 - 0.5 0.70 - 0.74 tfitcyea 

0.5 - 0.55 ttictoti .. 0.80 - 0.84 micifdtt 

0.55 - 0.6 micron. 0.42 *■ 1.1 mictott 

Perfdnnance Parameters 

Opetatloaai ^erieuce mlth the OCRS inetrtimehts indicates that adequate 
detectivity in the oil Spill application is achieved in all spectral channela, 
except the first two,, ceatered at 0.4^ and 0.4^ , which tend tc give noisy 
data, apparently due to the narrow spectral bandwidth. This indicates need 
for an increased A.il product for the MSS as con^ared to the UV/IR scanner. 

An increase by a factor of 3 or 4 appears appropriate. This corresponds to 
an increase in optics diameter by a factor of vST « 2 for the parametric 
performance curves shown previously on figure 4. 1.3. 1.2-3. 

Assessment of Sensor Suitability 

The assessment summary £or.the.^MSs is equivalent to thetas discxissed above for 
the UV/lR scanner. The requlranents for the. spacebased application are not met 
since acceptable resolution cannot be obtained at reasonable optics site and 
adequate swath-width. 

4. 1.3. 1.4 .Fluorescence sensor 
Parameters Hessured 

Oil and other pollutants absorb light, especially in the ultraviolet, and 
re-emit the energy at longer wavelengths, a basic source of UV excitation is 
solar energy. The Fraunhofer line discriminator technique employs solar 
excitation. The observable Is the depth of the Fraunhofer dark lines of the 
reflected solar spectrum compared to the depth of the lines In the Incident 



ioltf t&dUelott. Thl« eedhal^ue miifitu tbte« WMjet drAt»tack« (S«.^erai«e 143): 
1*- It la ndt opaMble Itt tbe-piresanta of cloud couct:} 

2. It canuot be used et ftlght^ 

3. . The ualiL^utce of betkgtouiid noise Is also the esteitaciwi soutee. 


These drawbacks can be overcome by use of a User as the ejtcitatiett source. 

A representative system employing an Nj laser at 0.337 niefona is described m 
Reference 144. Tests verl^ ability to dlscrittlnate oil from sea water. Also., 
the ratio of fluorescent emission at 0.433 microns and 0.533 mic-ees aUctjcd 
Identification of several oil types. The amplitude of the fluorescent, signal’ ' 
is a function of oil thickness, providing a corresponding addltimal menswrement 


capability. 


These effects are illustrated in Rlgure 4. 1.3. 1.4-1 



ExnitatiCtt end Emission 
Spectra of a Oil sittupl^ 


laser fluorosensing systems have been mn»loyed similarly for classification and 


quantification of other pollutants such- as pulp mill effluents, cMorophylls, 
and phytoplanktons. 


Oesenotiott of the gensar 

The chataeteristlcs of a reprasentative laser fluorescence. sensor are summarised 
in Table 4. 1.3. 1.4-1 

gerfofftanee ysrametara 


Dateetivitv 

The aSSiffltptldn is made that the floUteScanc coefficient: 

. Wstts emitted _ v.. 

^ ^ watts incident 


(19) 
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la 6<|ttlvaldtit td ttidC o£ ehd tteasufettebCd ddsevlbad lft-&e f e geft ee 144. VI ^ Id 
glV6ii by; 

W. «* • t , • . ttfitt (20) 

«hete - Laaet powdif (watt) 

»■ ataoflpherie ttattsttissidn Itt laser path 
. 8 taaat eptles traftsmlseldn. 


is then given by; 


W, 


“i £ f 


«.t 


1 _ • ^ 4 Watt 

Opis * 


The radiant intensity is then; 

J« • ^ • 'T..1. • '^o.i, • £ t 
Tf 


watt 

star. 


and. the radiande is; 

Ne •*> • ^a,t • g i 

TT *1^X1 I 


watt 
* ster. 


( 21 ) 


( 22 ) 


(23.) 


where R is the range in cm andjTI is laser beam solid angle in steradians. 


An optifltuni condition is assumed, wherein the fluorescent spot fills the receiver 
field of view, this requires that the boresight error. between the laser and 
reeetver be- negligible. The power on the receiver detector is; 


■n 


M, 


a.r 


^o,r. 


(24) 


where; « 

sif “ 

•^d,r- 


reciever aperture area (cts?) 

receiver solid angle field of view, identical to^j^ 
conditions assuBied. 

atfiRJspherid ttansaission along the receiver path 
receiver optics ttansiission. 


for 


16P 


t 


thus, sttbflftinitfcirts irtm aqtwtlon 



Pi «» A • T • T,. _ 

*d r “ajC b,r 


'^’a*t * ^o,L * 4 f 




•yf R2 




“ * ^a,r * '^’O.r 

• P * 


(?.5) 



r2 



Trt 8<ale Co ocho? cortJitions o£ ifanga ati reclever optics size, let refltein 

eoesteet \«.th cbangiis and d^. 




1 

d? • T , ‘ 1 

a>r,l o,r,i 

♦ ■» . 
'L,l 

* "^a,!,! ‘ “^o,!,.! 'G t \ 




2 

— 

. 

( 

2 

cl* * T * 'I 

^L,2 

*. >|t ♦' •!* • 

^a,L,2 ^o,L,2 f. 




'•a 

- 

' 


2 

U ^ P. „ p.t iu <Mtt 

^ 4.1 . 

(26) 

\»here the subscript 1 tefecs to the spaeebased system, the subscript 2 refers 

to Che baseline eirbome system, end To,l,i ‘ 

’ ^o,L!i • 


Thus, 

, for; 





Itj^ «• 56? .Km 

’’^a,r,l 

- 0.6 



Rj -l.O.Rm 

^a,x,2 

« 0.9 

- 


*..L.2 -«•* 

^r,2 

<■ 30 cm 



r. . - l.»j( 10^^ 

vact 


(2?) 

Figure 4. 1.3* 1*4-2 shot^s a plot Of dfjl vs. | 

L , for the spaeebased scenario. The 

itfi 

indicates need for a laser peak power in the 

9 

region of lO watts for a receiver 


FIGURE 4,1. 3. L 4-2 

RKEIVER OPTICS DIAMETER VS UVSER POVIfER FOR 
SPACE-BASED tASBt-STIMUIAT^FUlORESCENCESEMSOR 



!J«Ea POWER IWATTS) 



/<(MlfeaVd diamdtetf oi 4.0 m, thd maxlnniM dUtf^rable dlmenfilon. fdt mt6 d4alraMd 
awaUer slabs, In the regiort at 10 to 50 ftift, the tequlfed laser pewar tfl in 
the order of lO"^ to 10^^ watts. OtBeesston with a Manufacturer at and other 
lAf Users (ftefarence 12) indicates that these loser requirements exceed currant 
capability by orders of magnitude. This is coiroborated by available literature 
Oft the.atate of the art. This indicates that the laser-stimulated fluorescence 
sensor dees not pass the detectivity filter, at least for the immediate interim. 

Sensor Performance- Assessment 

The pierformance. assessment summary for the laser.- stimulated fluorescence sensor 
la given in Tahle 4. 1.3. 1.4-2. The Jieehnique is not considered epproprlete to 
immediate spacebased application due to technology constraints. 

TABtg 4 ♦ 1 ♦ 3 ♦ 1 .4-2 mORE9CfiWCe SENSOR AggESSMENT 

e PASSES FILTER #A (DEVELOPMENT AND OPERATIONAL STATUS) 

- PROVEN CAPABILITY IN CURRENT AIRBORNE SYSTEMS 

• does NOT PASS FILTER (DETECTIVITY) 

- MAXIMUM AVAILABLE LASER PEAK PULSE POWER IN REGION 
107 - lO® WATTS requires RECEIVER OPTICS DIAMEtER 

10 METERS 

e NOT CONSIDERED FURTHER FOR IMMEDIATE APPLICATION- DUE TO 
ton detectivity with CURRElfr INSTRUMENTATION APPROACH 

e PROVIDES A POTENTIALLY POWfiRPUt OIL SPILL DETECTION AND 
CHARACTERIZATION METHOD AND SlRJULO BE CONSIDERED FOR 
far-term (POST 1S91) SPACE SYSTEMS 

- URGE deployable OPTICS 

- COHERENT DETECTION 

Some indication (Reference 1S8) exists that laser technology advances and use 
of large deployable optics, of slse comparable to proposed radar antennas, will 
make the laser fluoroecencing method feasible for later generation systems. 
Sincb the technique is a potentially powerful detection, classification, and 
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TW?* tf. flhoulf! ho f!WM,dnrod for the far tdrm (poflt I9$l) 

i’nn * n^n '•rr‘r, . 

/» . 1 , 1 . L5 Polnrlmctar 
I'l'i 

r?an:iti.c?'an<;a attd modftltng predict that the emitted radiatldtt from the eea is- 
pol.ari^o'l, t/ith tlio pcrcortt polarisatlott .dapartdertt o« the aea state. Experi- 
moetal meastirononts (ReforeneG i 5 i indicate pGreent Iticraaae In polarity from 
15" to ?T4, eerapatlng the return from a smooth Sea with that from a sea-afcate 
corroflponding to a wind velocity o5 3 meters /sec, . the measurements- were made 
af\»arious Spectral channels in the 1 to 12 micron region, the polarlmefcer 
thus provides potential means of measuring SGa state, and thus the existence 
of oil-dampening of tmvo action. 

Dorcviptl on o f tl'Q SOtlso r 

A reproKcntatirc poiarineter configuration (Reference 131 is shown by Figure 
4. 1.3.1 ri l , '. ' a i: r,t-vctent eutplcys 4 Si: As detector and s 39 mm diameter 

F/1.6 

Sensor Pa ..l.■a..e6 Assessment 

Available informaeioA indicates that polarimetry has received but limited 
experimental use in measuring sea-state. No evidence of significant operational 
histoty exists . the technique is thus considered as not passing Filter A . - 
(Oevdlopdent and Opera tiofial..&taeus,) thus, it is nee considered further for 
the spacebssed syst«s. 

4. 1.3. 1.6 Summary of current Aitboma sensor Capabilities- in the Spacebased Applicatiou- 
The conclusions dratrtt are - summarized in Table '' .1.3.1. d-l. As shown, none of 
the current airborne electro-optical seftsor-^ are considered appropriate to 
extrapolation fot an immediate or mld-tetm spacebased system. 
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M? Aty/A^KSD C0H3l9ff OtfECTtOM TECHMOLOSTT 


4 . 1 .3 . 2 Exinfelnft Soodefertsed Qpfctfinl ? o*<go>«fi 
trtCgftdu«Sgloft nnd Swinnarv 

A eoApgdh&nfilvQ OGt opdratlonal anU fovolrr'"'' ’'^■0 npaftpctaft sCnsogs v*egft 
asae&sedl fot applicability to ocann <♦ rclTvf>'n •:o'ii<-or?.n8 missions. Slnto 
these were lnstt<inefi«:8 of known rpnaa cap.i*<ii -.ny ;t!m spacebaodd- appUcan^on, 
thelt sultdblUfcy asdessrtent petfomn-'aa a'^ni-air. ;;an less detailed than that 
petfogmed for the 6«?.stlng airborne ca-<nnra an 'M.nat'nnad in Section 4.1.3J. 

The assessment indicated that several arintiff; ta-'sers were capable of supplying 
low resolution data of use in this ninsio'’. ’’''no T’era capable of supplying 
the high resolttti,on data ( psd 30 m'' rcauirod the priraar'.’ functions cf 
dotedtloh, areal mapping, class! f leaf on, and ouanrification. 

Parameters Measured 

The existing spacecraft optical sensors are capable of raeasttring user reouiro- 
ments for ancillary data such as air temperature (I- Kw rncolntion) . sea surface 
temperature (1.0 Wn resolution) weather front detectlcr. <8.0 ''n renoiutf cnl . 

Representative Sensors 

Representative existing spacecraft sensors of use in this miss; 'o a’-c i<r-ed 
in Table 4. 1.3. 2-1. 

4. 1.3.3 T hanatie Ikipoer 

The Thematic Mapper (TM) , a scanning sensor under development for i.'so vith 
Landsat-D, was analyzed for suitability to this mission since it will constitute 
the primary sensor for that near-term observational system. It is a "whisk broom" 
scan instrument with five spectral channels in the visible-near infrared and 
one spectral channel in the thermal infrared. 


REPRESE»ffAII-VE EXISTIN& SPACECRAFT 
OPTICAL SENSORS 







the felletfiflg detdlled diseufidlon dhows that the TM densot id of potetttiel 

utility to thid nti8Sioit» howeyet, its effettivetieas is soaewhat liAieed..ih 

the ateaa~o£ detectivity aod swath width. 

farameteys Measuted 

the tM. designed for Landsat (ftissions, may also oer£ot«i oollutatit detection 
classification, and steal mao0lft&. Its aoollcabilitv to obsetvaclon.cu. vo. lucanci. 

> Such U 3 oil sMlls, acid dutnos. .sewage sludge., and othet wastes s co ^' iered 
here....~th6 obsetvables in the visible are the relative water and oollucant 
reflectivities and the pollutant spectral signature. The observables la the 
thennal infrared are water-pollutant temperature difference and pollutanc 
t^erature. The TM sensor also serves to reduce the false alarm rate associsrtad 
with oil spill detection by the microwave radars, for example; as caused by 
ship wakes and wind spills. 

Descriotton of the sensor (Reference H4) 

The Thematic Mapper (tM) is carried on Landsat D. It is a ’•whlskbreom” scan 
device providing a 185 Km swath. It contains 5 spectral channels In the visible- 
near IR spectral region and one channel in the thennal infrared (10.4 ,^/m - 
m) . A seventh channel covering 2.08 • 2.35/t/m) Is also planned. 
Angular resolution Is 43 ..^raa In the visible-near IR and 174_^rad In the 
thermal infrared, corresponding to ground resolutions of 30 meters and 120 meters, 
respectively, at Landsat*D orbital altitude. Two of the visible spectral 
channels, onS in the blue-greCh (0.45/W m <• 0.52 z/ m) and one in the yellow- 
oran*\e (0.52/W m - 0.60^ra) ate of., particular Interest to this mission; as 
is the thermal Infrared channel. 

Performance Parameters 

For the visible channels, the signal to noise ratios at the indicated values of 
ground in-band radiance are as listed below. 


1 "s 


Channel Ko. 

O./ m) 



radlf 

'cfn ■ nt*.er) 

. mm •• -• 

1 - 

0.43 - 

Q.?2 

'• 3r. 

2.8 X ’0"'^ 

2 - 

0.52 - 

0.60 

- 35 

■* i •: 10*^^ 


The ndlse equivalent temfxernture di."ferene6 (ht'lir) la 0.5*'\ iov tlin !*hf>rn»nl 
infrated channel (fteferenee u/!') . 

The noiae equivalent radiance (I'Er.' tlie : ’"^e c'.'annola Is obtained by 
dividing the above noted radiances by the Sb^. 

Channel ^1 : 

NER » 2L J.9 * 8.75 Jt *o"^ '^.ac:•/crl■ ' • 

32 

Channel **2 : 

J)ER » 2.4 X 10*^ « 6.86 x 10"® watt/cm^ •• -'•-'v, 

35 

Considering the uncertainties associated -with atmospheric f-U! si. rr-o'’ . t’lcrn 
are taken to correspond to a nominal value of 7.8 X 10 ” watt/cm*' - ■•ff'*' 
each channel. The corresponding value of noiSe equivalent tncietr.'’- •• ''‘‘Tootnnce 
(NE • P) is computed by the follbx^ing method. 

The incremental radiance between clear and polluted water areas i 

A" = Ho 

F ir 

- ik 
r 

where : 

H » solar itradiance at ocean surface = 8.26 x 10"'’ watt/cm*" for 
^ channel 1 and 9.44 x 10"^ watt/cm“ for Channel 2. c In-band 
values at sun zenith angle ® 60°) . 

** water reflectivity 

r ® polluted water reflectivity ^ '.'1 ' ' • ' 




DU6 to tha afdremantlofled atmospherio tfaitsmiSsioft uncertaifttlca, a ncnlnal 
value of d.83 H 10“^ watt/fitfi^ ig assumed fot In both channolo 1. and ?. 

the tJfi • \8 the Value of (P^ - P^) obtained when A N equals tha 


t)EIt 


■©(*■ 


Ap) 


( 2 ) 


ILd X 10"^ = (8.85 X I0“h (NE *A(®) 

7T 

NB • Al^ ■=» 2.?6 X 10"3 (ratio) 

-0.28 ( 7 ,) 


Thfe perfotmdnte in the visible tney also be expressed itt tertr^s irdr 
detectable contrast (MDC) , defined as: 

MDC = N^, - Nq 

Uhete = clear watef radiance and Uq = polluted wete,.* taiic ic -s. 

Figute 4. 1.3. 3-1 shows MDC vs. background radiance for the Ti.etne 

as elsewhere computed. At the value sea water radiance 

(2.8 X 10"^ Watt/cm^ - ster) noted, the MJJC is 3.17^'.. For H = 8.^ ' - * 

o 

cm“ as used in solution Of equation (2): 

MDC « 2.8 X 10-^ - N 

r-5 » 0.0317- 

2.8 X 10 ^ 

- 2.8 X 10-^ - (0.0317) (2.8 x 10*^ » 2.71 x lo"^ watt/cm' 

NER - N„ - N « 2.8 X lO"^ - 2.71 x 10“^ 

w O 

“ 8.8 X 10“^ ^#att/cm^ - Ster 

Ftofa: Equation (2) 

NER = H (NE • Af^) 

# 


8.8 X 10*6 a 8.85 X 10‘^ 


NE • A ^ 




Figure 4.1.3.>1 


Minimua detectable contrast in thematic 
mapper, Landsat D 



NE * * 0 -00313 (ratio) 

- ojm 


this value correlates reasonabl:f «ith the directly cottputer valve of 0.2d% 
obtained from equation (2), the assumed solar angle, and the TH performance 
quoted in Reference 

tor the Infrared channel^ the noise - equivalent temperature difference (METD) 
is O.S^K against a 300®K background (Reference 1) . 

Aasessment of TM S'ensor Suitability 

the.m sensor analyzed using the standard '•»nsor evaluation matrix (filters) 
as described in the introduction to Section- 4.1.2. the assessment for each 
of the four filter criteria is summarized below. 

Filter A - pevelewianti ar.d Operational Status 

The TM is presently a developmental instrument, based on an earlier whisk*- 
broom scanner, the Landsat liultispectral Scanner (MSS) . Based on the promising 
experimental results measuring waste pollution plumes and oil slicks using 
Landsat imagery, the TM should also be considered a candidate instrument fo-r 
Use in the ocean pollution missions. Environmental effects need to be better 
Understood, both In the TM visible and thermal IR channels. The basic 
measurement techniques are developed, however, based or knowledge of the 
relationship. between visible reflectance and thermal IR radiance and the presence 
of surface pollutants. 

The TM is considered as passing this first filter, on the basli of previous 
experimental results using the MSS and alrbotne multispectral scanners. 


is: 


nit^t fi - Petetfeivttv/Setifllttvttv 

Ift ch« vlsibldt litemdtitdl tdfldetanes batwean. «leat wdtet AUdJmut palluted 
by teyvaaenbativa aubseatteas tyfileally taniges baewaan abaut 3% to aonevhat 
laaa than \t. Signal to nolaa tatlo will thus be la the wegloa of 10 down to 
seaewhat leas than 3, oonsidating the yfedioted Kfi <A(^ of 0.03%. At least 
fot the upper end of this range, the signal to noise ratio should be ade<[uate. 
some degree of image enhancement may be necessary at the lower end of the range. 

lOSft) requirements in the Infrared for pollutant detection are not completely 
defined. Por surface temperature measurements, the general user requirement 
la for a precision (as limited by the i(ETD) of 0.5®C. The corresponding 
accuracy requirement is typically l?C. .The ability to achieve this degree of 
accuracy In terns of inexact knowledge of emisslvlty and atmospheric effect 
Is not clearly established. 

The Tm thus Passes Filter B for the Visible channels with_the proviso that 
some degree of image enhancement may be required at the lower range of water- 
pollutant A values . 

Filter C » Performance Suitability 

The desired resolution for detection and areal mapping is 10 meters. This is 
not met by the 30 meter visible and 120 meter lnfra.?ed TM capability. The 30 
meter capability, however, should yield useful data in the visible in many if 
not most eases. The resolution requlremi>nts fot ancillary measurements such 
as surface temperature are less severe, in the region of I Km or greater. These 
are met by the TM. 

For coastal tone coverage, a swath width of about 375 tOn is deslreable. This 
Is greater than the 185 Km swath Width of the TM. 



th6 m ehtte Poes tli&t ftteetouflly Paae F*ilteg e . If data fWtt. the Inatrutteht U 
aveitable, hdwevehf, the dagtea of attenuation- Inctddueed by f'lltet C in not 
eohaldeted latge enough to pveulude ltd uae. 

glltey fl - Conmaetbllicv eleh Seaeeeyafe 

the TM is designed foi* opetatlon on Landsat-D, thetefote the tM pascsp this filter. 
Petfotmanee gumttdir» 

the TM sensot is of potential utility to the ooean Pollution Mission. Its 
effeetiveness is deotessed som^hat when the assessiaent is based on the 
oiost severe requirements, namely: 

e. Resolution of 30 meters (visible) and 120- meters (IR) es 
eompered to ideel requirement of 10 meters . 

b. dwath width of 183 Km as eompared requirement for 375 lOt. 

In addition, the essessment shows that the sensor has marginal deteetivity in 
the visible channels, possibly requiring image enhancement under low-lcvel 
signeture conditions. 

4.1..3.4 Dedicated Optical sensor 
% 

Introduction 

The Conceptual design of an optical sensor meeting the overall requirements for 
water pollutant detection, areal mapping, classification, and quantification 
from orbit has been de.^ined. The instrument employs linear detector arrays 
which provide coverage of several spectral channels in the 0.4^tim - 0.7 4/ m 
aud thermal infrared. spectral regions, in a pushbroom scan, mode. The arrayt 
are pOiiitahle in the ctoss-track direction to allow the selection of specific 
ctoss-tMck sWeth regions. This capability minimizes the required array size 
for continuous coastal zone coverage. The Pointable Optical Linear Array 
configuration results in the acronym of POLA. 
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tate ift tha dtudy, the concept ai o dedieatad seflsof ewploying a pdinnoblo 
apcioal ftdsaic aftay (POMA) ratatg^d. thld eotieapc alXoWB sdlcctlon e>r. ppAcfraJ. 
ahaanal aaatatf wavelangths aad apeecral liatidvidCha on eoasnand aa appiropjMnto 
to given mlsflldtt (type of pollutant obddtvation) tequltements. 

A detailed dlscusflloti of the POtA seneot is contained in this-settlon. Fet 
the POMA, only the syetaa concept is pteaented; this sensot could be ccnsldored 
as an altetnatlve of an advanced vetslon of POL^ . 

o::!,: . 

Ml’ r- -i 't '•'* 

PaTamecefs Measufed 

The dedicated optical- aensot porfotma the functions of pollutant do.teetj'on. 
areal mapping, claaslficatlon, and quantification. It is con^fgurcd ca be 
appUcaMe to the general requirements of ocean, pollution meanerementc. In 
addition to oil spill monitoring, it IS applicable to observation of ct’-or 
pollutants such as acid dumps, semage sludge, and faio-degtadabie fr^^rtriai 
t#astea. The observables in the visible spectrum are the relative xcate*? and 
pollutant reflectivities and the pollutant spectral signature. Tt'a o’rrrrv-ahles 
in the thermal infrared are water^pollutant temperature differences a-d 
pollutant temperature. The dedicated optical sensor also serves to reduce the 
false alarm rate associated- with oil slick detection by the microwave radars, 
for erattplei as caused by ship wakes and wind slicks. 

Deseriotion of. the SenSor 

The POLA sensor concept, the detailed sensor parameters for the visible spectral 
channels and the detailed characteristics of the 8.0 - 12.5^t/m thermal infrared 
channels is, for givan resolution, optics size and number of detectors are 
tradeoffs With detectivity (signal-to-noise performance, and swath width. 
Representative optics diameter is 21 cm. For 375 l&n swath width, each visible 
spectral channel employs 1.25 s lo^ detectors and the array length is 22.5 Cm. 

For the infrared, 3.75 x 10^ defectors are employed at an array length of 19.1 cm 
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gotfatwaftda /»afdfflatai?d 


Soeaeifal gihartfldla 
Paliflttlon o£ m Afi 

thd bafll6 £i8tf«-of*ffiorle fet dcitoctivlty Is the notsa aqufvaldnt litcrctnoreol 
M^ledtlvity (NEAp). This quantity is the dlfferenr.fl in pollutant - water 
percent reflectivity giving a signaUtc-rtts^noise ratio of l.o. 

the concept o£ ME Af^ is shown in Figure 4, 1.3. 4-1. The total signal level- 
at the Sensor output consist of components ftotti atmospheric backerotmd and that 
of the ocean surface. Also depicted in that figure is, how the output vo?tng« 
night vary as d Linear array of detectors is sampled along lt.s length. 

tn the fotlot^ing discussion of sensor performance, the sensor-gev.era.ted rms 
noise level is The dc level of' th6 ^tmosphel^^t bdtkgrourtd radion^n 
deflection Ig N|,. The dc level of the radiance of the unpolluted water is 
aftd th6 dc level of the radiance of the pdllutatit Id The rmS nci.se Tcvcl 
contains both sensof and background noise. 

The requirement for detection is that the signal change corrasponding to - 

M can be recognised in the presence of the noise e^ . The dc le’^al ?. a 
P ” 

pedestal which can be removed. by slicing, tt thus represents a dyuam-c range 
requirement rather than a detectivity problem, the contrast is then expressed 
as: 

contrast » C - Hs - «8 

r r 

/"w 

■ ^ “ A (28) 

— p p- 

*w *w 


«8 

¥ 


18 ft 



FIGURE 4.1.3.4-1. DEFINITION OF CONTRAST AND NE A A 






ttheve thd quantities es Identllied on Ftgute 12. 

the atsnal to nolae ratio is profiortlonal to the quantity * ^a ' P 

IT •ft*' 

i»hovo ft^ ifl the ftOlBfl equivalent radiance eotroat>Mdln« to e„ and u the 
atnoapherio trananidaioft. thus: 

" ftfl V *^a * ^ ^ 


(29) 


I3r.i„n 


r 


Ifl the value oiA^ ac .sl8ftal**to-noi8e - l.O. thus: 

«EA(* *» *ff* • h^ 

HflTa 

Sftttfloy Rat io 

the follejwlftg analysis is based upon the charaetetisties of General EUctric'a 
intrinsic silicon CM arrays. Operation under electronic noise limited 
conditions is assumed. Uolse equivalent power for this case Is defined in 
terns of tio lfte eauivalent ca rriers by the method shot*i In Table 4. 1.3.. -I . 

For thft equations given on Table 4.1.3.4-1 the integration time t,_ is: 

t, » 

Where AX ® ground resolution (meters) 

Vg » spacecraft velocity (raeters/sec) , 

and A f la given by: 

Af " JSL 


(32) 


■1 

where n is the number of de-ectors in the array, proportional to swath width. 


The quantity M is the detector quantum efficiency, 


..8 0.5. 


The signal to noise ratio is given by: 

S/N - df‘AN ’ ' lo_ 

TTfZ ^ NEP 


( 34 ) 
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eemtponda eo ^ ahoim ob /,1. 

T 

<A^ tt datMtor alaBMiid «r«* ** 1 a 10^^ em^ 

<Tg « Atndtpheala Cranialttiott ■ 0.667 

.T^ ** optiat/flltaif ef£«aeiv8 tnntaisstdn, Ataufdr] O.AS 

*P ■ optica F - AttdMV. 

3/H is c.Jteie6i6ii of swath width, for other given condlHrna, pc»r thn eff'cfln t*. 
cqtictioft (32). The RE Aifi eorreiponds to the value d£ at tth-tr’i Hie alfral 
to noise ratio is uniQr. Aeootding parduetrid eonptttation of f'S AC”*t. 
width ie ihown on Figure 4.1.3.3«2. The optics sises (0^) shown r:te 4 tbfi 
eortesponding to the indicated. F^numbers at the focal length r*‘cjv.;.rsd for ?*:' 
neters-ground detector subtense. 

From Figure 4a.3.if-2, veined of NBA P of 0*16% at 375 Kin sw.'*^ -./idth &M 
0.11% et 185 tn swath Width are noted for an optica diameter sr m. Ahftt*nl 
valued ofAP for various pollutant - water coflbinationa are showit on Timbre A. 1.3. 4 
These are aignifioently higher than the . noise equivalent values sh 5 ;:ti on 
i3iat figure, indlcatii^ the effectiveness of the POLA approach. 

the perfomauce as calculated above can be increased by providing m rows of 
detectors, each Of n elements. Ose of time delay integration (TOl) tv longer 
ekpOaure time with image motion compensation will then decrease NB • A P by 
^ tt. this approach is not further considered, for a multispectrtl Sensors due 
to the large nuniber of detectors required for significant Inqirovemertt. 

Arraftr henath-and dloefe fiata vs. Swath Width 

the clock rate, i*e. , readout rate; is obtaifted by dividing the integratiott time 
by the number of detectors : 

t d ■ £ t u5) 

a 


figure 4.1.3.4-2 

•AP SHATOWmB FOR FOIA SENSOR 
(V^ISIBtiR SPECCRRL CHANNELS) 



KE»&P- m 


















Cleek Rats ** jL ^ hs 

4.3 X 10^3 s4e 

Phytleal Unltatlont on a)nray fabrleatlod W^.ll pMbably restrict mexiiSaiA 
availa ble cXbek rate td the otder of 1 fths idt the I960 ^ 1981 period. 

Array length la dbtaihd^ by tmiltiplying the ddteeter element site by the 
nufl^at of datectere. 

^ • h ^ - (tt) (I X 16’^) cm. (37) 

Cleek rate and. array length for the visible spectral channels vs. snath mdth 
are shown by the plots of Plgu*e4.1. 3.4-3. 

iSfdfaber of beCeetors va. Swath Width 
Total nUE^er cf detectors fer the visible spectral channels vs. swath width is 
shewn by Figure 4.1.3-4^3a. 

8.0 - l2.SvWtt Infrared Spectral Channel 

Moise Eeuiealette ineremefttal Tesmerature 

Fer the infrared spectral channel, the figure of merit for detectivity is the 
noise equivalent incremental tonperature (NF*At) . mus is defined in a manner 
equivalent te l^*A ^ exeepting that the signal cerrespdnds to the temperettiro 
rather than tha raflectlviry dlffarence for tha water and pMlutan«. The 
obserrable Is the saif^endltted anergy frem the water and p<^llutent arms. 

Por 100 meter greund resolution, tCO fSm spacecraft altitude, and 0.0051 cm 
detector Blae, tha lens focal length is 3S.7 Cm. For the 21 cm and 8.4 cm — 

Optics diameters evaluated for the visible channels, tha corvospoudiug F-numbers 
are 4.23 and 17. 

^dkground limited jynfrared jghotoconductof (BtJ?) opera i f «)tt is essifised. The 
total background ii taken as that from a tmltvomissivity soone plus 



Figure 

a ARR4Y USiGia AMD CIO^ RAW VS. SHAW WIDTH 
FOR EOU SEMSOR 
CvisiBW swemt. mioiBiR) 
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Clock Rate 



Slit 



sveissaxa :^SKau 



tht eofitnbveite ffOm kn inuiMled (SdO^K) lend, the lend eefttrlbutidh td 
background is eetiiaetdd from that of an ttnodoled (3OO^f0 dptid e<tutoalent to 
the F/1.7 POtA ease. This ldns< earliev fiaploped olth a sensor operating in 
the m region I is a eassegtain system operating behind an 

window* for the f/A.iS ease, the lens background Irradianae at the focal 
plana at F/1.7 is sealed as F'^, i.e., multipllcal 1. 7^/4. 25^. For the nttP 

«*“• “SwF • vPlT* <38) 

2 he ^ ^ 

iriiere > 7V-^ wavelength (mieron) 

h » Flanek*s constant * 6.63 r 16"^^ watt see.^ 
e » velocity of light « 3 x em/sec 
M «. detector quantum efficiency. •* 0.2 

H 

0^ * background irradiance at focal plane (photon/sec-ott^) . 

For F/1.7, 0B is domputed as 1.2l « 10^^ phOtOH/sac-Ctt^. 

At F/4.25, ^ is confuted as 1.33 a 10^^ photon/see^cm^. 

The eotrespoiudlng values of are 3.3i * at f/ 1.7 and 8.29 a ic'^ at 

F/4.25. 

Fhotoeonductive detector elements with Individual preamplifiers are also 
assumed. In this case, the noise bandwidth is equivalent to the integration 
time " frasie time t^. The frame time Is given byi 


X - 100 -m ■ ■■ ■ 

, 7 X 10^ m/sec 


* 1.43 * 10"^ sec 


which is equivalent to equation (317 ekcepting that A X is 160 timters rather 
than 30 meters. Af is taken as tha rediprocai of t^, - 70 hz. The 8L1F noise 
equivalent power ii then given 
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OttlOlNM. 
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•f 
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* .y 

3.31 * 10^^ 

■ 1.29 X lO*^^ 

watt at f/1.7 

i 

f 

* (Q.oosn 70 
8.29 X 10‘” 

- 5.14 X 10"^^ 

watt at f/4.25 


thd 3 i®Mil-td*iidl 8 e tatio la givati tnyi 

m • r» • AN • To ’ 


m 


4 • 


mif 


where 


* detwtdtf atea * <0*60S1)^ m 


An * iflfetemafttal tadiaftce hatwaaft seena and 300 R hackgwtmd in aettacwr 
acetal i^aaahaad (t^ate/am^-aeat) 


¥ « dptida ttanattilaaiMi * 0.33 

6 


t * atitidaphatia ttanamiaaloti - 0.7 

d 


tha taapatatttW diffatanae At la taiated to An, £ot a«ail vaiuea of At, 
hf the axptaaaidn: 

AN (T, At,>s.A>s . e ) -N (T»X. A> .£) AT (40> 
xfhere fot the given cbnditiofta ft ^7 « 10'^. 


Cdtvaa^lng valuea of aigtiai-td-ftdiaa Mtio ate plotted va. At la FiSvife 4.1.3.4-4 
Pt6« the etitvaa NIbAt ia aoted in the tegloft of 0.01°K fof 2l cm optiea and 
about twide thia valve fot 8.4 an optiaa. 


PfltA Aaaaaanattt dtflftmatV 

fAA iftitftniattt chatadtwiatiea afa stfluaatiaad in xa’.>?e 4. 1.3. 4-3. 
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lOO 


0.02 


9.44 

8.4 


A high &ensdr idnsltmt^ la made peesihld piflmatlly threegh the ifteteaee iti 
ifttegtatiw time in es ednip4ted with eonventieiidl aweep-eean Inettumsnte. 
fhle seftslelvltj^ margin will be fartlenlerls^ tiselul la mapfilng waste plume 
eharaetenetiee» where swath tenel differentes are signlfleant is identifying 
pellntent type and eoneentretion. 

the features ef pointabiiity and wide swath are impertant is presiding the 
necessary areal/canporai cevereget as will be dlseuased in Section 3.2.2. 


fine te the deweldpment cycle far this new Instrument, it is anticipated that 
It wauld be awailable in the mid- term time frame (pest 1907) . 

oRUilKM' PAOR 

An alternate design approach for the pntA sensor employing a mosaic Cin array 
fecal plane and operating in the visible spectral region has been identified, 
the instrument is identified by the acronym PdMA . (Polntable Optical Mosaic Array) 


fhe fOHA Is basically a spectrometer which provides cross>«traek spatial rcsolu 
tlon in the array coltmtn direction and spectral resolution in the array row 
direction, the design concept is sketched in Figure 4.1.3. 4-5. 


the CIO mosaic arrays have random access capability. For the POMA ai>pllcoticft, 
this allows selected rows to bo interrogated by command. The result is thu 
ability to select glvefl center wavelengths and bandwldths for the spectral 
chahnSis as dictated by specific mission requirements. Operational flexibility 

































if thttv j^rovitfi^d i 9 eoififiairfid (9 the fixed specefal ettatmels of fhe easelifte 
W)U eeiwat. The MMa atfAy evleehtng wawatid and doftCMl logic le eheaft by 
flguve 4.1<3.4-d. 

the WHA eehset coticepe emetged lata 1ft the study. Seflsor peffotmaoce thus !< 
hah iWt hedli exattltied to the extent of the fOU Iflattutaeiit. The PO'uV concept, 
hoeeyet* ia oottBldefed a vefsatlle apptoach of ptofblse. 

dtlMMAHT 'OF SELECTED OFTtCAL SEhSOftS 

• Adaftatloft aad modlficatlofi of existing 'aithonte sensots fot use in 
space platfotms is not a suitable apptoath. 

• Existing spacectaft seftsots can meet soae MOPS tequlteaents involving 
low resolutlott tequitettants. 

• The ovefall MOPS tequlrement 1ft the optical taftge can be ftet .• 
dedicated spscebased optical seftsor. 




Figure 4« 1.4. 1-6 

k»i4 array LOCIC 
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SPECTRAL. Cn/UmEL & BAERt-mCDTII COMMAND 







4.i 

this sectidh Idsttfrifies the .ptlttel^ai s^Rceefaft, alteta<:fe aad eutfacc piacJoww 
cottsidefeed. as eaedidates idt the oeean pallutiim ttissldti. Consldetatien d£ aj»eeij|ie 
pUtfdWM, tathet theft hypethetical, dedicated pletfomH, Is lutetided in epder C6 
meke the results mere realistic, since it is assumed that the oceati polUitioft 
lAonitorii^ systeto will be shared with other ttulti^tiissiott systenis* this added 
degree of realism hdlds true even though seme c£ the platforms such as K(5S$ and 
IClSX haue not been fully defined as yet. By. dealii^ with real, constraints et^ 
necessary cot^romises* the sensitivity of the System to this sharing of elements 
is evaluated and a baseline is established. This baseline, in turn, may be refined 
. or corrected in the future, on the basis of more current information on the satellites, 
surveillance aircraft and surface platforms* 


OKIGINAL PAGE IS 
OF POOR QUALITY 


4.2.1 (K56MK)eRAPttlC SATELLITE 

Ihe Ifeitutal Ooeanio Satellite System (lldSS) is planned for launch in The 

Flight Segment consists of the spacecraft. Airborne Support Equipment, Cround 
Support Equipment and Software... The system's goals are to satisfy the need for 
synoptic data on ocean environmental parameters by NfiAA and dOd. Table 4.2-1 shmt& 
a summary of the NOSS measurement goals as extracted from the NOSS Ter.hnicol 
Fe^uirements Boeument. 

fhe sensor oomplemant for NOSS includes a microwava altimeter, multichannel passive 
miorotfave radiometer, scanning speotro-radiometar (Coastal zone Coler Scanner), and 
seatterometar. the system includes a Surface Data Acauisltion System and Receiver/ 
froeessing Assmnbly interfacing v^ith the Global Bositioning system. 

the orbit for tfOSS is a seven-synchronous orbit near filti fern altitude. The 

fine! Orbit selection vili he prepared as a result of parametric analyses in the 

fhase B NdSs Study* 
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Ihd types of oeasttrertOftts to be petfoffted. by this ays tern eorrelate vefy well, tdtit 
those-aeeded by the bteati pollubidft mlsstoft In tbe atea ot inputs to pollacant 
motion and Uttpaet models, these ate, he«eeeir, mission-speoific ee^ultements whloh are 


different than Che SOSS goals as stated in table 4.2-1. the most signtfioant dlfferenoe 
the ocean pollution mission requires finer spatial resolution, typically lO Km footprint 
as. compared with the U6SS goals tanging from 20 to 50 Ka. _ 

■sKS-iSn 


4.2.2 SAtEtiLttfi POR ICS PROCSSSSS AUD CLIMATE fiflPERlMESt MISSION (ICEX) 

An Important assumption in the study was the availability in the near time frame, a 
satellite that would have microwave imaging capablUty. the ICSX mission, formerly 
Identified with the ICESAT concept, was selected as the baseline since it requires a 
synthetic aperture radar (SAR) with characteristics similar to those of the ocean 
pollution mission. Sharing of this SAR imaging capability is particularly appropriate 
since iCEX requires coverage Of the Arctic and Antarctic regions whereas the tJ.S. 
ocean pollution mission requires coverage of the lower latitudes, nominally for 50 N. 
to the Tropic of Cancer. Thus, a polntable SAR may optimise coverage over the 200- 
mile coastal zone without interferring with the primary satellite mission which is- 
related to ice surveys in the near-polar regions. Other sensors, in addition to the 
SAR, that were assumed to be part, of the ICBX were a scatterometer, altimeter and 
passive Bderowave radiometer. The implementation of the mission rs still 
considering Several optiens, ail of which include the use of Sar. 


The orbit for tCEX has U6t been definitely established, however, the baseline orbit 
assumed for this study was a two-4ay repeater ^23 Km altitude, 9'/* ittcliflation. An 
aitemati orbit considered is a three day repeater, m ica altitude, P2® inelindetioit. 
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4v2»3 tiAftSA-ftteOURCBS SAtEUJttS 

the Lan^8at><I)-Aiui (H>etdtidtul Earth Rdsduted Saealitta ^OEES) ayatens Cdnatltutas the 
primary platforms aonstdered la this aategory. thasa satellites will perform am roeya 
related to the dlsalpltifkes of Agtlaviltttre, Geology, Hydrology, and taod Usage. 

Landsat»D will oarry a Multlspectral Soahaer atJtd llhasatlc Kbpper, .both meehanioaily 
staaned tmagiag 8peetro'>radldmeeara*. its orbit will be a 20*>day repeater, suu- 
syaeUtonoos kilometer altitude* 

She primary seasors oa OEES will be a thematlo M^pet aad a Multlspeetrai Eescurees 
Gassier (tlRS) « the latter Is a ooaeapt of a poiatabie muitl^speatrai lineer array 
with high resolution and narrow swath Width. 

The data detlvad from these satellites will be useful ituaoordlaatiag and oomplementiag 
iidtfboWave (all«weath^) data. In addition to the limitation due to aloud covet 
conditions, the earth resources platforsm will have orbits and ^ath widths that are 
not eonqpatlble with those ocean pollution suh-misslons related to surveillance and 
detecciott Of pollutmata. 

4.2.4 HETEORGLtetGab SAI^ITES 

The Civilian-Operational environmental satellite program uses two satellite systems, 
the Tiros 'N and Geostationary Operational Environmental Satellite. 

Tiros'H Is third'geaeratloa operational poiar orhitiag system for the following 
mission objectives i (a) atmospheric clOud cover monitoring on a regular, global 
basis $ (b) sounding the atmosphere on a regular, global basis; (C) continuous monitoring 
Of environmental features in the Western hemisphere; (d) colleetion and relay of 
environmental data itim rmnote platforias; (e) applying satellite data to improve 
enVirOimiantal services < The sinsors on-board Tiros are: llte Tiros dpetationai 

Vertical bounder (toVs)» Advanced very High Hesdiution Hadiometer (At^Sft), a space 
Environment EbnitOr and a bate collection system (referred to as AHgos). Tiros derived 
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InfOrnkCion thus is usafttl Itt tbe-4Mseaa pdllutidn-feddslea Itodludds oee&ti SttYfaes 
tcapertttuttf, veather paines aad Ait tanpevaeaire aea» eha surfaaa. Tha tivas debit 
a 98 .po iftclittatlOAf ia &ttH**syAcheotaoaa, and baa aft altieuda 6t 654 klldmateea. 


lha GOES ayatem petfoma metadealogiaal obaarvatldna fot the £dUftiH.ttg putpdaaai . 

(a) eattciiwioaa atatm ttacklnft, (b) aloud analyaia, (a) aurfaea teapeeatuta aappiftg, 

(d) apaae etiiH.vonnanC auft/ earth Ifiteeaatlonj (a) ramdte aaftaae data relay. Uha 
aitaaloa aatiaora auboard GOES are the Visible and Infrared Spin Saab Radlameter (ViSSE) 
^n d the Space Environrontal Itonltar* The potential contributions of GOES to the oaeati 
pollution olsaion is in synoptia> lov spatiaL-rasolutiOn neasureoents of ocean surface 
currants > ocean curraftt boundaries, and weather fronts. 


4.i.5 kismn otUGn^A^-' 

OP POOR QUALlfY 

aiglM>nte Oil Surveillaftce System (AOSS II) 

The G.S, Coast Guard operates an oil surveillance system on board a C*130 aircraft. 


AOSS surveillance patrols ate routinely scheduled; also, a large portion of. the AOSS 
flight time is 1ft support of moftltorii^ missiofts for reported spills < flight time 
capability of the aircraft is in excess of 12 hours. The payload eoffiplement of the 


AOSS II includes the following: 


0 Oil surveillance Detection Eadar (ODsE-94) 

0 Line Scannar ooverlng the fraquencies S^IS tticrons (channals l & 2) and 0.32 
0.5 micron 

0 passive MtcrOwave Imager (3t GHt) equipped With TV monitor & video recorder 
6 Aerial Eecoimaissance Camera in the visible and near lE. 


Afti: ^Aitevei Eemote Sensittfe System 

The u*S> Coast Guard is daveieplftg an airborne* raal-tims* all-weather, day/nlght remote 
sedsing system that will detect oil pollutants and identify violating vessels. The 
system, dasighatsd ‘*Aifeye“* will be instalied on six of the 41 new falcon 20g <efc 

aircraft (military deslgttatibft EG-25A) purchased by the Coast Gudrd to replace the 
aging Hd-ldE Grumman Albatross as its medium range surveillance aircraft. The 
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aensor system vUl ineluds a side looklag aivbsms tadat, two*thaimsl lafrated/ 
altravlalet line seantieaY asvlal teeoimaissanee camera « alrbome data anttotaciSA 
8ystem,_aiid a centTAl, display aad record coAsole. to ideael^ poilucii^ sessels at 
night* an active gated televlsiob (A&TSf) also IS being developed for inclusion in Che 
Alteye system. Ihe sotv mil use a one-watt, pulsed, lead vapor laser llltmdnacor and 
mil be capable Of recording vessel names at night from a slant range of 700 meters, 
tn addition to on active and passive mode, the will be capable of both conqmter 
and manual target acquisition and tracking, fiach of the sensors will produce annotated, 
hard copy imagery suitable for pro secution of p olluting vessels. 

4.2.6 OCBait-StJSFACS HATFOPKS 
iteored buovs* 

^ National Data Buoy Office has deployed meteorological and surface oceanographic 
environmental reporting data buoys in various gulf and Ocean regions to provide 
synoptic data to the Natiw^l weather Service (NWS) and to provida a data base for 
scientific studies. At least. 21 moored buoys use reporting environmental data on an 
operational basis, lhase deep ocean moored buoys measure wind spaed and direction, 
air temperature, barometric pressure, sea surface temperature, wave spectra and, at 
a limited number of sites* subsurface temperatures. Data is telemetered on an operational 
3-hour synoptic basis via the satellite to the National Environmental Satellite 

service (Ni^S) and then via iandline to the National Meteorological Center (NMC) . 
Environmental data from many other sources is assimilated, and meteorological and 
oceanographic forecast data products produced for dissemination to the user community, 
tn this application, the moored buoy is used as an in situ prirndry deea source, end 
SHS/etiBS is used as an aflicient data telemetry relay. 

* Descriptions are obtaiflad from ^'Geostationary and drbititig satellites 
Applied to Eemste Ocean Buoy Data Acquisition''* by Dr. e. g. Eerut and Dr. 

G. Naas* presented at the 13th intarnational sympositM on Remote Sensing 
of Environment* April 197$; 
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“Tinr- 


Oc«te)ogrft]^hie satdllitd data id pres^tly avali^le laifgeljl’ On an axpe^fimencal baaia. 
Oceanic enVltannent patfameteM being fneaaured-elehei; dlUecely dt Indltectly iMlode 
tempetaenta, tadiatlon -budget, eiu^face i>eccdif «lnd field, and mirs height and apeetta. 
In-ordet to aehteee the ptecialon deal ted In the future, ancillary data tHLll uauailv 
be required. There la every reaaon to mix surface and aatelllte data* ae that apace- 
derived Infomatlott can be calibrated and validated by In situ eurface tneaaurenenca. 

Driftlna Buova 

These are lou-coat, expendable, noa-flxed buoys capable of perfonaing in-sltu ueasure- 

flients and being tracked by satellltea on a global basis, with the launching of polar- 

otbltlttg satellites capable of data collection and relay*, as well as position 

detetolnatlon from suitably instrumented surface sensor platforms, impetus has been 

given to the devel* meat of low-cost, expendable drifting buoy systems capable of 

unattended operation on a global basis. ORIGINAL PAQR IS 

OR POOR QUALITV 

Communications and position fixing depend upon the operation of a low-cost UHf 
transmitter on the buoy, which sends data to a specialized electronics package on 
board a poiar-orblclng satellite. Bie satellite in turn relays the data to a ground 
station. Relative motion between the satellite and buoy produces e Doppler effect on 
the frequency of the rf link. This frequency shift Is processed along with the satellite 
orbital track to derive btioy position. Experience with position-fixing has found the 
accuracy to be well within 5 km rms for the itoffiUS-6 satellite. The operational 
Tlros-N satellite is providing position-fix accuracies of about l fcm. tiros data tele- 
metered from a Surface platform (drifting buoy) is transmitted to ground. stations in 
tha b4§.,_j!;hett coliseted during each aatellite pass by nESS for transmittal to trance, 
Where Service proceases the environastital parmaeters and determines the platform 
positi^mi Data disseiidnation is via the clobal Telecommunications Service, for 
timely Worldwide distribution and use. 
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Drifting Imoys Hftvn bnnn tttrd pri4narily it in situ envlronttental fidasursttene syatans. 
fiomaver, acianelsts ara flaw lavastlgatlng the future use d£ drifting buoys in 
eonjunetlon with remote satellite neaauremehts as a oaUbratlon or model imlldatloft 
tool, or to etUiafloe the present satellite measurement eayabllity* During early 
proeess -oriented experiments, drogued drifting buoys were used as Langrangian traekers 
to desorlbe near-surfaoe turrents.. fosltlon data from subseduent satellite passes 
was used to plot buoy trajeotorles or the Ldgranglan measurement of surfaoe turrent. 

Much solentlfle and engineering work remains to relate tagrangian and fiulerian «^asure-> 
ments, and to verify analytioally and/or experimentally Lagrangian measurement aoouraoies, 
i,e«, the slippage of the drogue buoy system in the parcel of water mass to be desoribed. 
ftowever, a potentially powerful tool is available to the ooeanographer to describe 
ooean currents over the large spatial and temporal scales at a cost unattainable 
heretofore. 

4*3 SWyORT gf StEMS 

the system elements identified below provide services in support of data transmission 
reduction, and navigation. 

traekine and Data fteiav aatellite ftOflS) 

this system, to be launched on the eighth Shuttle flight, will provide position 
information of the sensor-carrying satellites in low earth orbit, and early data to 
the ground station* Wide and narrow-band data can be treismittsd, making uSe of the 
following capabilities. 
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Htfth ftrtfca ftafcct Useyfl 


SinsiQ Aeeofifi 


Pdtrt ftako 

Potward fiotatft 


S-0at)d t6 300 1.1 fflbt>s 

(1«0*2.3 gH^) kfapd 


K-flatid to 25 

(13.0-15.1 mbps 

gttz) 


to mbps 
Shuttle -geared 
service: 

d) 3 digital channels 
50 mbps 


Fatal H nr 
An*M*Ti, 


tre .'‘»p ^ 
horr« 


6t b) 2 digital ehannel;’ 
to 2 lAbps end 
4.2-»nc analog or 

tv channel 'hvIGlXAI. PAGK IS 

OP Pouk QUALITY 


LOW Data ftata ifaers 
Mdltipla Atcesa 

S-dand 10 kbps 50 kbps 


?o-f 1 e<ft«'"t 

pha**o ’ t>r’ c*" a*’tcnnd 
F<'* 


This systfistt is pattieularly suited for the transnission o£ teal''.;:-' I’era fvr"^ 
wide-band sensota such as the SAR and POlA. Use of the single acc'-- ’ --’'attflel, 

howevet, would tequite scheduling integration with other high*dan.'. *^r . ^-s such as 
Lattdsat & OfiftS. 

Pieet ttuaerical System 

this is a ttavy facility for computation of meteorological and oceanographic data and 
ttansmissiott to the various Ocean testers, the completed parameters include wind 
speedy .wind direcfciOttt sea surface temperature^ ice-related paramctcvr.{ moisture 
content and significant wave-height. 

Applications Data Service (ADS) 

A proposed NASA system* it will allow multiple external users to access IhASA data bases. 
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4.4 tiAXk sism fOR (sem missions 

Ab Attalysis «as pe«£d»Bed to dototmifte viable neane i6V touting and ^rodeeelng 

the deeaft foUution data fton the eetteote to the ueet faeilltlet. Several unldoe 

• 

ae^eets «£ thid agplieatlon needed to be eoneldeted: (1) the tetepetal teduireneflte 

e^oified by the ueers suggests teal-tiifte ot very neat teal»tlae ptoeesslng; (2) the 
dttltl«pUt£ettti tmiltl«ttset nature of the systen necessitates a flexible and versatile 
systeat (3) since many of the syste&t eleiaents ate shared vlth other systeMS» tnaxinum 
use should be «ade of the available data processing capabilities. 

Follot/lng is a stateoent of the re<)uireffients. followed by a description of tl4e concept 
of the data processing system and Its evolution. 

4.4.1 M1S4 mtea fiSQuihSMButs 

the requirements were based On the measurettents specified by the users and also on 
assumptions relative to the type of monitoring system that would be feasible during the 
various tine-frames. Particularly significant in the user requirements are the frequency 
and data delays as shown previously in table 3.2-2. For instance, measurements related 
to pollutant detection end monitoring need sampling frequencies of twice daily, and 
a delay ranging from three (3) to six (6) hours. Similarly, a particularly significant 
assumption is the use of a Synthetic Aperture Radar (SaR) and pointable. optical Linear 
Array (PQLA) aa primary sensors for oil, spills and waste pollution detection, the 
general functions of the Data Processing System (DPS) will be as follows} 

1. Process image data on oil spills and-ocean^wastes and transmit outline of 
affected area, location, and pollutant identification to users in the -fi e l d . 
(e.g«, USOB dn«Site-coordinatdrs). 

2. Process weether and oceanographic data (e.g., relative to winds,. currents, 
waves* elf-sea interface) for near-teal-tiroe input to pollutant fate and 
impact medals and updating of environmental data bases, 

Sottfces for these data will include nalltiple spacecraft (e.g., NOSS, platform for ic£x, 
OERS, operational metsdts)} alf craft (e.g., AOSS, ARI); and surface platforms (e.g. ships 


TWiwiMa saa jnevi 



MISSim-UNIQUE SENSOR. 



«ttd AlehbUSh eh6 ^tiaaty missKma o£ the apa«a dttd «^r;Mco rJatfomo noe 

ed deddtt potiotiofii tC ta oaaUBcd Wot the octiulal'^oti fvncnnr\nT of ^.^Q 
dm i6t the (teeah Pdllut^dh Mlaaiofta cofi be effoeced amotaalvely. Vi'.r onr.eno tnaking 
itptimm use b£ the data preeeaaliis <’«lUtldS of these ayatrms whf^novor ?.t. ^n coat 
etieetivu, as t»ell as using the dedicated fits £o* olSsieti - unique pyocerslne functions, 
table 4<4*1 lllustfdtas the principal Tneasufeanent and pmcc^p'^^'a Cunctr-onc of. both the 
prinaty ftissions and ocean tellufcion Hlsaien. 

A ttellittlnary analysis was perfotKied to estimate the processing r?.*e p.’’d complexity 
associated with this aptaication. A summary of the bits pet second and Instructions pet 
second associated with the principal sensots-ln shown in table Th.e method for 

perfotmlng these estimates is exemplified In table 4.4-3A and B, which shews the bases 
for the estimates relative to the optlcai. sensor (”tOLA“). these ate shotm In terms of 
the eanous parameters* such as number of arithmetic operations and memory cycles: 
instructions per pixel, processing «ov6thead« allowance* and special a 3 .:cwances/adjost- 
menca. Several assumptions pertinent to this example wete: 

a,^__gflLtifflates assumed no on-board -data- processing. 

b» Sizing of operations was btued on studies on Landsat and llnea * ar..ay sensots 

t, the various stages of processing of the btt-stream included: 

pstn gutractlott - bit synchronization* line synchronization, and. 
fcrmattittg. 

dorteetlott - adjustment for radiance biases in the data. 

TAformatlon Extraction - discrimination of pixels that correspond to a 
specific "signature”. 

caoMetfle Correction * compensating for Image distortions: assumed to be 
appllcah'ie solely” to "signature” discriminated plxela* to reduce the 
amount Of processing. 

d. "Overhead allowance" was handled as a fixed multiplier on each processing 
stage. 
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uricikat. page is 

OF POOR tiUALITY 

Ofiaifatittg lAdtmeidflds 

ArffltfetBtt was aaauwed to poqtttfB 3 insttufttlofis par oparafcitm. 
Mtilftlalieagloti me aestiacd to toqutte IS Iftatructidils pot opofatiott* 
nvtfift t/ad assuaad m require 2 Instructldtts per operatloft. 


TABUEI 4.4-2. DPS PROCfiSStKO REQUIREMfiUtS 



m DATA 
(BITS Pfift SEC.). 

MAX. EQUIVALENT IPS* 

1 

IhSTfttAlElII PltOCfiPSlKS 

realtime 

1/10 REAL TJM 


. 

3.4 M 


- gC&TmOMPtEft 

4.9 K 


340 K 

** PASdlVfi MlCKOUAtm 
PADIOMET&ft 



16.9 K 

2.8 M 

1 

280 K 



* IPS “ Ills true tl 0113 per second In the associated software. 

** a for these estlitiates la shown in the exSaiple on Table 4.4-3. 

Ift.additltm to the processing requirements discussed above, the analysis Included an 
estlAatlOft of the storage requirements associated with the types of data bases associated 
with this application. Table 4.4-4 shows the estimated data quantity for meteorological, 
oceanographic and ocean pollution data bases, in this table, a distinction is made 
between "latest” data related to current or near-current conditions, and "historical" 
data which is used to determine statistics of oceanic conditions over a long period* 
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* ASSUMES III'LIKE CLOUB CO’®Et SGREiHlKC, 63% 0^ VISIBLB/HEAa B^SABSD PEEKS OBSCBS^ ffif "€L013)S** 
AHir 10% OE CLASSIFIED PJJEELS IIAVING TISJ DSSIPJSD ’’SIGt^TUICS*'^. 

D/E * DATA EXTRACTKar; R/G = PJiDICMETSIC C0RBEGII.93; I/B = II^OIII4ATI0M MTRASTKE^ 

G/C » GEGMEXRIC CORRECTICRi 


OPTICAiL SratSOR 


ORIGINAL RAQR IS 
OK POOn QtlALI'T 



XABtt 4.4<4. OAtA BASB3 SfiQUlHEMEKtS 


DATA 

QUAltWlT 

(BITS) 

' 1 
OmTE 
RATE 

MBTE0KQLd6l<SAL 

(LATB8T) 

12 X 10® 

5-6 HRS 

MBTBQROLOdtC^ 

(BtdTOftICAt) 

1.2 X 10® 

3 HRS 

OCBAHO&BAPhtC ~ 
(LATEST) 

26 X 10® 

3-6 HRS 

OCEAlflOSBAyHlC 

(HiSTOalCAL) 

2.5 X 10® 

3 HRS 

ocSAH pmxdTidh 
(HlSTOieO 

4.2 X 10®/ TEAR 

N/A 


4.4.2 0AtA MAlAAGfillBin; StStEH 

An initial totace^t di thn data ptanesaing ayatani waa formulated « flrat« by detetndfting 
the type df equipment that would permit implementdtlou of the aenaor data prodeaaing 
and data bise atorage tequlrementa , and aetoud, by determiniug the data pai^ and 
interfates between the various multiofunotion protesaora. 

The follo«»it^ liat shooa generid typea of proeessing equipment that mere found euitable 
for procesaing the aenaor data (ref. Table 4.4«2). 

1. dAEt real»time data: hardware proeesabt 

2. Sar, oae^tinth teal time: very large dOmputer or a hardi^are proeesaor< 

3. pOlA« real-time or one-tenth real-time data: hardware proeeasor. 

4. 8eatteroaater« real-time data: large oomputer or a htfdware prooeasor. 

Si doatterometeri one-tenth real-time: mini-tcffiputeri. 

6i —j^easlve Mtrowave tadiofieter, real-time: large cot^utet or a hardware 
prOceoaor. 
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Yh* ^lutiati 6£ the DM is M'^ldiotted tt eulMhate 1ft the full-cepabiUty< centtftlited 
SYstem hy the mld-ttettt itetled (IMS - IMl). The Ifttetfaees hee^een that rtidtem DM 
ftwLethet system eleisents tte depicted itt-El^ftte 4.4*U Eaeh spacedrftft gtouftd date 
system win ptevide date~At teHous stag®* ptecesslhg te the DPS, where specialized 
processlftg for the oceaiup6lluti6tt mlsSloft Is performed prior te rotttlftg the data ttd 
the local command post. Tha^xteftt of processing 1ft the ifldlvlduAl spacecraft system 
facilities will depend oft the compatihlllty between the requirements of the primary 
mission and those of the Ocean Ppllntlon Mission, as^ll as the inherent capabilities 
of the m data system* For instance, the data grid size requirements for wind speed 
and velocity Are more stringent for the subject' mission than that for the NOSS missions, 
therefore a feasible approach, is to augment only the data acquisttion capabilities of 
the spacecraft to meet the higher resolution requirements of this mission over the 20D 
mile-zone, but perform the wind speed and direction related processes Ift the DPS. 

However, a refinement Of this approach would be to perform Some of the "Phase 1" 
processing functions, related to data sequencing and formatting, ^thln the NOSS data 
system if the system could handle the extra load without aay interference with the 

primary S/0 mission. 

tha airborne and surface data is routed directly to the local command post, but some — 
of the data needed for correlation with s/C data is relayed to the DPS. A* example of 
this type Of correlation data Is the altimeter data from the Advanced Aftl and some 
data from the buoy data collection sys terns j these ate merged with S/c altimeter data to 
produce the required coverage of significant wave height measurements within the 
poliution«affected area. 

One of the main features of the Mid-fetm DPS will be the ceftttalization of the ptocessiftg 
futtctiofia for the pollution fate and Impact models. Many multi-purpose and specialized 
models sirviflg various user needs will be utilized in this facility; however, develop- 
ment and ittltiai demodstration of models would be performed in separate user facilities. 
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Figure 4,4-1, MM-Term DPS Concept 




















it - » 

F 

I ORIGINAL PAfil-; If 

j OR Poor guAufy. 

By ttfnt r ag** i Iteftt Teta System (1564'»87) Is *6t enVlsidfted as having eaftCtalized 
models; Instead, It will pesfotm the missl6n*unlque pifocesslng fonetlone and route the 
data to the various faeilitles uhete models are being used. Another dl£^eren.'.e between 
the systems £ot_ehe two time frames is that the Seat-Term D?S will not perform automated 
data oorrelation between airoraft and surface platfotm data and spacecraft data, whereas 
the Mid-ttrm System Will perform these functions. 

The BBS operation Will make optimum utilization of man’ s interaction With the data and 

his assessment of the data within the Content of the overall mission sitoatiott and 
existing environmental conditions, figure depicts a concept of the DfS facility, 

with expert personnel located at the various consoles. The consoles will be able to 
displcfy individual-sensor data or correlated (overlayed) sensor data. It will be able 
to control the inputs to the models and data bases as well as to gam access to selected 
data in those models and data bases. 

The components and interfaces of the Mid -'term BPS are depicted in figure 4.4-3. Sensor 
data is routed through the format fieeoder and appropriate Phase 1, II and III processors , . 
(Phase I relates to sec^uencing and formatting, Phase ii deals with calibration functions 
and Phase III encompasses actual information extraction). A "Master computer" serves 
as the data manager, directly controlling Phases l and ll functions, and throttgh a 
mini-computer, the Phase ill functions for SAft and PdLA. the processed 
sensor data is routed to the operator consoles, data bases and correlating processor, 
itoe function of the letter is to permit the two-diminsional correlation of diverse 
data* as exemplified by the follw^mg combinatiotie: micreweve end optical (sAh & 
fBLA) image dete of polluted artes, microwave image date and wind fields* optical image 
data and sea atafce, wind fielde and ocean surface currents, present vs. predicted oil 
spill areal extent. 
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Figuee 4. '1“2. Data Proeeaaing Facility 
























In smmx^t eh« Oe«im ^oUoelon fi&tA Ptoedsdittg System la ft ptelimih&t^ ctfueftj^e 

of ft vorsfttlle, evoltftrlftnftty ayfttob thae iHLll pftraic optlttum ueiliftfttioft of vftfldtta data 
ftoa nuitlplft plfttfotnft* te is ft '*ttfttve eentftt*' Chat provldftB thft tequlfftd dfgftttiftfttldii 
ftod fofttts eft thoftft diOftrftft data} «ieh<mt tlm ]>ys, aafth ptldiaty usdt wduld hava to 
ftstftbUsh Ussftv eayabilicy yboeaftsl&g eeatovs and oomplex intetfftoft.a «lth aovotal ayatams* 


SECTION S 

SYSTEM CONCEPTS AND TRADEOFFS 


• MI88IOM OPERATIONS ANALYSIS 

• COASTAL COVERAGE ANALYSIS 

• SYSTEM OPTIONS 

• RELATIVE COST AND EFFECTIVENESS OF SYSTEM OPTIONS 


ststeh concern Aim teADSom . 


Tha ((tfaviAus AaeelAni hava cAvared the oeeett poUutien infettiatlM fieeds 
6t may ueere end the dtAte>(tf-the^ett of the ij&pottant elemetitd (eeaeote, 
platfotne, date proeeselh^, dotnmtmlcatloft, poeitlottlftg) «hleh either eurtentlp or in the 
future nay duppart theee needs, this sent ion will develop a set of systea 
ooneepes (syntheses of venous system element candidates) based on a logical 
structuring of the user commiinity needs and the realities of operating such 
complen systems. Finally the several options will he compared besed on 
relative costs and levels of support of the ocean pollution missions. 

5.1 itt9Sl^ OFERAtlOnS AnALYStS 

The first step in synthesiting the available technologies into operational 
systens required a clear statement of the missions to be supported. Cp to 
this point, we have the knowledge and measurement requitemeaits of 
tt^ users as presented in Section 3« 

5.1.1 OCEAN POLLUTION MISSIONS 

A formal structure of the ocean pollution measurement missions and goals 
was developed through (1) personal contacts with system operators, users, 
designers, researchers, etC4» (2) a-thorough review of documentation — 
technical « legislative, and programmatic, and (1) first-hand experience as a 
menhar of the remote sensing applications community. Table S.l-l enumerates 
end defines 10 major sub-missions comprising the two broadest missions: 

(1) surveillance and Monitoring and (2) Modeling. 
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fABlg 5.1-1. ftJNCWOSAL OBFtiftftOilS OP m 10 OCfiAI^ POLLOtlOM SOB-HlSSlONS 


StJWygttLASOe & MOHlTOmg 


POSfCYtOtiS iROtliftEO 


1. tfmmas 


1. StJftVfilUANcE & fiPTPCflOil OP OMfiKPOfttSfi OIL 
SPILLS Oft UASn DUMPS, WHfetllER ACClDCNtAL 
Oft DELISeftATE 


2. MAPPIIIO i TBAtaClNG 2. HEASUfiEMEtJT OP THfi AftEAL mSMT & SOOMDAR- 

lES OP the POLLUTION} DfiTEftMllUKG tllfi 
LOCATION} TftACftiNG THE CHANGE IN AftEA. 
SHAPE & LOCATION VS. TIME. 


3. OtfANTlPlCATlON 
AftEAL 


MEAStIftiNG THE OIL VOLtJME THROUGH AftEAL EXTENT 
& TtffCfcteSS MAPPING} INFEftftlNG WASTE POLLUTANT 
QUANTITY BY AftEAL EXTENT & SURFACE CONCENTRA- 
TION. 


4. POLLUIAST CLASSIFICATION 


5. POLLUTER IDENTIPICATIOR 


6. StNOPKC U.S. COASTAL 
POLLUTION MONITORINO 
A SATA BASE BUILDING 


4. TYPE OP OIL: CRUDE CLaSS, REPINED OIL CLASS, 

AGED VS. Nm SPILL} TYPE OF WASTE: ACiD 
CLASS, SLUDGE, SlO-OlGfiSTED WASTE. 

5. designation & LOCATION OP SHIP, OFF-SHOfifi 
FACILITY Oft COASTAL POINT SOURCE. 

6. established AND PEftlODlC UPDATING OF AMOUNT, 
DISTftIBUTlON & TYFE OF VARIOUS FOLLUTANTS 
WITHIN THE U.S. 200 N. MI COASTAL ZONE. 


7. SA>.E as (6) ABOVE FOR ALL OCEAN AREAS, AS A 

measure of Global pollution. 

THIS MISSION IS NOT ADDRESSED 
IN THE STUDY) 


7. SYNOPTIC GLOBAL POLLUTION 
MONITORING 4 DATA BASE 
BUILDING (IMPLEMENTATION oF 


MODELING 


S. FATE MODELING 8. PREDICTION OF OIL Oft WASTE POLLUTION TRAJEC- 

TORY AND SPREADING CHARACTERISTICS : APPLIES 

TO actual spills/dumps threatening coastal 
AR^, Oft Potential pollution (e.g. from an 
existing 4 PROPOSED off-shore OIL ICELL) 

5. tti PACT/fttSft modeling 9. ASSESSING THE POTENTIAL DETRIMENTAL EFFECTS TO 

SENSITIVE COASTAL BIOLOGICAL OR RECREATIONAL 
RESOURCES} PREDICTING THE PROBABILITY OF 
OCCURRENCE BASED OS OCEAN & METEOROLOGICAL 
STATISTICAL DATA. 


10. SYNOPTIC OCEANOGRAPHIC/ 

MEtEoRologicaL/ecoLogical 

MONITORING & DATA BASE 
BUILDING 


10. ESTABLISHMENT AND PERIODIC UPDATING OF A DATA 
BASES OF OCEANOGRAPHIC, METEORLOGICAL AND 
ECOLOGICAL STATISTICS USEFUL IN FATE AND IMPACT 
MODELING. 
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fideh (tab*dlfi8loft eovetd eertain dlsftfata p&tfotuiartea objactivae of ono or 
ABte uaat* fteteteticsa 120 atid 121 » iot e:ia«ipla» covof tha objaeeivcs of Coast 
(fUaVd pollttClm dutvelllafted ssrsteoB and are contained within HOPS aubHhisaiofts 


1 thrbttgh 5. 




oV V""« 

(fhnfeaa the subHiiasians riars defined to be mutually exclusive to e^eclude overlap, 
they may be supportive of each other. For example « Mapping end tracking has 
the two-dlftetislottal (areal) extent of the pollutant as a principal output, 
whereas Quantification adds the third dtaension — thickness — in fui .her 
characterizing the pollutant in terms of quantity. Since the observable phenoiiietta 
that correspond to pollutant area and thickness relate to different observables 
and different measureaent techniques, it is appropriate to make them different 
system sub««lssiott8. 


In another instanca, the division is geographical as in separating the u.s. 
Coastal Pollution Data base sub-mission from the Global Pollution Data Base 
Sub*misSion. comparable eeiasonlng led to the definition of all 10 discrete 
sub-ffllSSiottS. The total set of 10 covers- all clearly- identified U.S. user 
agency goals in ocean pollution — whether oil or other than oil — that are 
amenable to support by this study* s technologies. 


5.1.2 MtSStOM SUPPORf LOGIC 

ttt order to understand the dynamics of systems which can or will perform these 
sUb-ttissiOtts , tho logic interrelating the sub-missions was developed. Figure 5.1-1 
illustrates the top level logic which is practiced in the surveillance, monitoring, 
and response activities (including model operation) associated with ocean pollution. 
At this level, all pollution is broadly divided into (1) that which is reported 
to the system from outside, and (2) that which the system must itself detect 
(sub-mission 1). A data base of coastal pollution monitoring information (U.S. and 
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glttb^ U matbCki&ed twA thMe ^ttvAiX Iftd iumiUaaed aystte det66> 

ftiea..iiiyut8 (SttbHftlssitas 6 and 7) . 


iBtwnmX- 6t ttw datddted 6r reyottad yollttCiOtk tedules in n dedis inn 
eo ifntthar tnspdnd. or not. Resyonse AensuroiBdttes to tbar&oterize the yoUntant 
or ere tovered by SubHBlselons-i, 3t 4, end 5* f*roJedtlone of the oil 

trejeotory (fete) or layect on eeneltlire (biolORlcel, reereetionel, ete.) 

are made by doftputerizad nodela (SubHSiieaions d end 9) • fhe oodeX inpnte 


cone fro* real-tlna re^nde neeanrements and several contianously updated data 


bases (SttbHaiaslonB d, 7« end lO) 
s.1.3 oyERAsaoiiaiL-scEiiesios 


The subHnlsslon definition and support loglo just discussed new enables us to 
potential systeos in the eont^ of enploynent seanarlOs, such as those 


dalineeted in Pisura $.l<-2. 


These three discrete seenerios fox operationally efl^loying candidate system 
elefltents are: 

o Pollution Surveillance and ifimltoring (Scenario i) 

0 Pollution and Polluter ifeasuraaents (Scenario ti) 

0 Pete Ad itapect projection (ScAsrio it) 


n^ure S.W specif lea (1) the boundaries of each ecAerlo within the support 
logic Ad (2) the Ab-ttissiOns perfoned. 


Thess-seenaKles vere^develo^ed td Identify wheVd inaj^r system elements i»ottld 
fit atnd how they weuld teUte to esth othe«-in theit sub-miss ion-sappote 
toles. Figure shews, the place of the aeenatloa in scfi&ening 

and furthetf spetifytog candidate elements for the system concepts to be 
Synthesized. Emphasis was placed on Staying ftenerlc in the elmtent specification 
and ^lac^ aU stedidaces (8pace^_aixv-Sad surface) in their potential 
operational roles. 

In addition to the system elements covered in Section 4 «». sensors, platforms, 
and communication, isositioning, and data processing support — other types of 
elements must be included to envision self-contained oper ation s. 

These additional elements are: facilities, key organizations, and key personnel. 

Table 5 . 1-2 gives a generic breakdown of these categories and the primary can- 
didates te tnesS (or similar) operational roles. Following the details on 
some of these additional system elements, each of the 3 operational scenarios is 
discussed at length* 

S.US.l Oraanizational and Personnel Support 

an understanding of the roles of organizations, and people in the various scenarios 
was Obtained by doctnaent review and personal interviews at agencies with pertinent 
responsibilities. Thus, insight was gained into current and evolving practices 
in similar scenarios, the single most useful document is known as the "National 
contingency Flan** (gaference issl) and it covers the coordinated and integrated 
response hy Federal agencies to. protect the environment from the damaging effects 
of pollution discharges.'^ Published by the CEQ (Council on Environmental Quality) 
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tABLE 5.1-2 OIBER SUB&ttl? ELEhENtS 


GENERtG BEEAKEOttR 

1. FA^mtlSS 

A. oEs oomot 

B. DATA EBOGESStNa 

2. EEREGBMIIIG OttGAElZAtXONS 

A. FLAENtEG AEB AISVXSOSY 

B. GPSRAttOEAt, BESFOESe 

3. tSt GdETEOtllEG PEESOEEEt 


SPEGIFtC GAEBIdatES 


lgp (local coeeaes post) 

REG (REGtoEAt REBPOESE CEEtER) 
ERG (EAttOEAL RESEOESE CEETER) 

OK-BOARD AtRCRAFt (AOSS/ARI) 
fiATA StSTEES CEETER* (»Sc/AR 1) 
MODEL OPgRAtlv (FATE/IMPAGT) 
LOCAL GOEmCTOtv LABS 
EPA PfiOTO LAB (LAS VEGAS) 

MOPS DAtA PROGESSlSG SYSTEM * 


MBPS STAFF* 

ERT (EATtONAL ReSPOESE TEAM) 

R&T (rEOLOEAL response TEAIO 
aiEMTREC (PRIVATE HAZAfifiOOS SPILL 
lEFOiiMAlIOE CLEARINgEOoSE) 

MOPS STAFF* 

NATIONAL STRIEE FORCE 

- STRIFE TEAMS 

- environmental response TEAM 

EMEROENCY TASR FORCES 
SPILLED OIL RESEARCa 
(SOR) TEAM 

ON-SCINE 

CORDINATOR (OSC) 

Scientific stJppORT 

COORDINATOR (SSd) 


Numerous other individuals 

ON THE NATIONAL AND REtIoNAL 

RESPONSE tEaJS, 

soR team, strike team. 

Mbps STAFF*} ETC. 

* candidates WHiCH are not currently in EXISTENCE 
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OUIOINAL PAGR 
OK KOOK QUALtCL. 

MsetUn multl-tfgehcy infrttta prdvided by the NRt (NatU^iial Rasyonae teto). 

It la the ^edetal '«ttobtelU“ doeutteht i6t vattlbUs agendlea* ddeclnudus reapoft- 
aibllltlea Uii ap^ifie reapdhae rolea. 

yigere S.l^ lUuatrated the laswLdf ifivolvaneftt bi diffatent agettdies and 
the totetrelatldnahlpa dt key agencies and personnel in pel icy and dpetatiens. 
1 *e_petagtaphd below describe those key groups (e.g*, the NRl) and personnel 
(e,g., the 6SC). 

In a nutshell, the overall Federal response Is directed by either (l) the coast 
‘ ^rd for Coastal and certain Inland waters (such as the Great Lakes) or (2) the 
fiEA^for the r«natodet Of Che inland. .nasdgable waters. The response is broken 
into five phases t 

Fhase I - filsdovety and Notification 
Phase 11 - Evaluation and Initiation of Action 
Phase 111*- Containment and cotflicetiBeasutes 
Phase IV *- R^val* Mitigation, and Disposal 
Phase V ** Documentation and Cost Recovery 

These phases are Implettented and directed by the oSc only as required and generally 
depend on (1) the size of the discharge (minor, mediua, or major) and (2) the 
response aetions of the "discharger” and his parent agency, country, etc. The 
authority behind the National Contingency Plan is primarily the Federal Water 
Pollution Act (4s amended in 1911 ) . 

gdientific eapertlse during a pollution response action is focussed through the 
gsc (Scidltific Support coordinator) , generally a NOAA individual. He is both 
the Scleittlfic fiflilutiort affects advisor to the OSC and coordinator of rcal-tlmo 


spill fate and impact projection activities. 


NRT 

(Nattiftn&l 

Response 

Team) 


1 




(Ativ'ise) 




HGOM 5.1-4 NATIONAL CONTIWENCY PLAN 

ORGANIZATIONAL RELITIONSHIPS 


PRIMARY AOVISCWY 

AGENCIES AGENCJK 



0F;IGINAL PAOR IS 
OF POOU QdAUTV 


K«y facllltl«8,„ 9 t’®Rtti 8 atl 6 il 8 » dftd jpAVdotlftdl ftovdvdd by the It&tldh&l (iotitlng^ey 
PI A aA-desdtlbed-bftldW. 

A. N&t (MAtiohAl Seeponee Te&ta)» see Plgute 5. 1-5 

(1) Censlses e£ reptesehc&tives fifdtt the Ftimaty ahd 
Advisory Ageddies. It serves es the I^atlotiel body 
for pletinlng Add prepareddess AdtlPhs prldr to a 

pdUutiod discharge add for coordlds tloh Add adVlCA 

daridg a pollution dlscherge. 

(2) EkCApt for periods, of activation because of a poUu- 
tlod idcidedt, the representative of fiPA Is the 
C hairman add the representative of DOT Is VlCe- 
Ch a lr^*» of UrT. The viee-chairttan maintains records 
of the !JRT activities along with Rational and regional 
plans for pollution response. When NRT is activated 
for a pollution incident, the Chairman is the rep- 
resentative of ePA or DOT, depending upon the area in 
which the response is taking place. 

(3) When not activated for a- pollution discharge, serves as 
a standing committee to recommend needed policy changes 
in the response organisation, to revise the Rational 
ContlngAcy Plan as needed and to evaluate the prepared^ 
ness of the Agencies and effectiveness of plans for 
coping With pollution discharges. 

(4) Acts as an emergency response team in the event of a 
discharge involving oil or hazardous substances tdilch 
(a) eicceeds the response capability of the region in 
which it occurs; (b) transects regional boundaries; 

(e) Involves significant numbers of persons or nationally 
significant amounts of property; or (d) when requested by 
any Primary Agency representative. Each representative, 
or an appropriate alternate, shall be notified immedi- 
ately by telephone of activation of rrt. 

b. RRC (Rational Response Center), see Figure 5 . 1-5 

(1) Physical facilities established at Headquarters* tJ.S. 

Coast Guard, Washington, D.C., for coordination and 
control of a pollution emergency if a national level 
involvement is needed. 

(2) COmmutticdtlotts center continuously manned. 

(3) U.S. Coast Guard provides 

- Communications 

- Latest marine charts from various agencies 

- Tech, library 

- Plotting afid display capability 
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<4) PfiMiry AseticldB futrilsh tfdtnyeedtie eB&tmieai pBtBbmidl 
to n&ti. the MfiO hd rhqeOsted» futfttlsh apptopri&te tech*> 
nitel ibehuals and oatetfiels, and euoh addielohal aditdn- 
istifatlve support as required to ope^ade the NUC .ef €eo« 
tlvely aud ef£ldiently< 

d.„,RilT (Segiuiial ftespouse Tea*), see Figure S.l-6j 

<l) douslsts of regional tepreseutatives of the Frioary and 
selected Advisory Agencies, as appropriate. Acts eithln 
Its region as an sfiiergency response team perfontlng re- 
sponse functions similar to those described for MT. PRT 
also perfortns revieu' and advisory functions relative to 
the regional plan slttllar to those prescribed for NhT 
at the Itational level. Additionally, the Itftx determines 
the duration and eictent of the Federal response, and 
When a shift of on*-scene Coordination from the prede- 
signated OSC to another dSC.is indicated by the circum- 
stances or progress of a pollution discharge. 

(2) Fach Frimary Agency designates one member and a minimum 

of one alternate member to the RRt. Each Advisory 

Agency may designate a member. 

(3) Each of the States lying mithin a region is invited to 
furnish liaison to the EET for planning and preparedneas 
activities. When the Team is activated for a pollution 
atergency, the affected State or States are invited to 
participate in Eftt deliberations. 

(4) llie Mt is activated automatically in the event of a 
major or potential major discharge. The ERT is activated 
during any other pollution emergency by an oral request 
from any Primary Agency representative to the chairman 

of the team. 

(5) The Chairman may require assembly of all at selected 
members of the team at the emergency center during a 
pollution response operation to provide technical 
support and assistance to the oSC. 

(6) Regional contingency Plana ara davaloped for each region 
(standard Federal Regions, see Figure 5.1-7. ) 

d. ftftC (Regional ftespitnse Center), see Figure 5.1-6; 

The RRC is the regional site for pollution emergency 
response activities, tt is accommodated in quartets 
described ifi each regional plan and provides communi- 
cations* information storage and^thet necessary per- 
sottitel and facilities to promote the proper functioning 
and administration of regional pollution emergency re- 
sponse operations. 
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e. 0S<3 (0ii<-detfhe Cdordlaatdr) i 

eddfdludeidfl attd dltd«eidn oi Pdddtal ^dllutiem contrdl 
dfforta ttt the sdetie o£ a discharge ot ^etentlel dla- 
dtiafge are aecotthilshed through the dSC< ^redeelgftated 
by regional ^len to eoordlAate and direct such pollution 
eoftcroi aetluitles in each area of the region, this 
Is either a Coast Guard or hl*A individual, detrending 
on res^oAslbllltsr for the waters itt^acted. In the 
event of a discharge of oil or hazardous Suhstance, 
the first official on the sice frofl the agency having 
regional resnonslblllcy assutites coordination of actlv** 

Idea until the arrival of the predeslgnated OSC. 

specifically, the OSC: 

(1) datentlnes pertinent facts about a particular 
discharge, such as its potential impact on human 
health and welfare t the nature, amount, and 
location of material discharged; the probable 
direction and time of travel of the material; 
the resources and installations which nay be 
affected and the priorities for protecting 
them. 

(2) Initiates and directs as requited Phase ti, Phase 
III and Phase IV operations. Advice provided by 
the gPA representative on the on use of chem- 
icals in Phase III and Phase IV operations in re- 
sponse to discharges of oil or hazardous substances 
is generally binding on the osc. 

(3) Calls upon and directs the deployment of needed 
resources in accordance with the regional plan to 
evaluate the magnitude of the discharge and to 
initiate and continue removal operations. 

(4) Provides necessary support activities and docum- 
^tacion for Phase V activities. 

(5) Informs and coordinates closely with Rftt to en- 
sure the manimuffl effectiveness of the Federal 
effort in protecting the natural resources and the 
environment from pollution damage. 

f« dpecial Forces (National Strike Force (NS?) and Emergency 
Task Forces) 

the NSP provides assistance to the OSC at hiS request during 
Phase ttt« IV. and V operations. The NSF is formed around 
the U.S. Coast Guard Strike Teams (one each for the East, 
Uestj and Gulf Coasts) augmented aS required by the EPA 
Environmental Response Team, t^en possihlK, the NSF will 


2 ■if) 


(ftovidd ttalniftg td the fin(etgenc)r task fotces and pateic- 
ipatd tfith the Regional Respoftea Team Ifl Regional Con- 
tingency Plan developftiant. 

(1) the Stflke Teatits eetabllahed by the C.S. Coaet Guatd 
ate able to ptovide cofUMunlcations support » advice 
and aesistance for oil and hazardous substances te- 
ooval. these teadis include expertise In ship sal- 
vage, diving « and removal techniques and methodology. 

(2) the RnvlronAental Response Team established by EPA 
to carry out the Agency's disaster and emergency re- 
sponsibilities can ptovide the OSC and NSF with 
advice on the environmental effects of oil and haz- 
ardous substances discharges, and removal and miti- 
gation of the effects of Such discharges. This team 
includes expertise in biology, chemistry, engineer- 
ing and, when necessary, meteorology and oceanography. 

(3) The Emergency Task Forces consist of trained personnel 
with adequate supplies of oil and haSardous pollution 
control equipment and materials and detailed discharge 
removal plans for their areas of responsibility. The 
Emergency Task Forces ate established by the Agency 

in each region responsible for providing the OSC, 

okiglval page Is 

OF POOU quality 


5. 1.3,2 Scenario I; Pollution Surveillance and Monitoring 

Figure illustrates the. envisioned elements with the potential to perform 

key roles in support of these MOPS sub-missions (1, 6, .and 7). Note that there 
are numerous current and. planned sensor platforms (air and-space) which have 
aome capability for detection of different types of marine pollution. They 
span a range of techniques — including visual, optical, and microwave — 
and coverage characteristics, such as area and frequency. Geosynchronous 
space developments. 


Space sensors With their wide fields of view and frequent revisit times 
combined With aircraft sensors for clOse-^ln verification and relatively limited 
area coverage appear to have complementary toles. In situ detection devices 
are also included, especially as an adjunct to remote sensing in congested 
(harbot/port) areas. 
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FIGURE 5.1-8 POLLUTION SURVEILLiMJCX AND ^HHI1T0RINGI 

SCENARIO I 
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DATA OOLLECnON PLAXFQMA 


















the high date races associatei-wlth-sueh extetia-lva daily aarveHlance diacace 
trtdebaad ediM llaks (perhaps tDSSS aad/or DOMSAt) . The aear teal^tiine detection 
requireaeftt and high data rates unply a signlfitatit, dedicated data proeesslag 
system* The scenario Illustrated personnel and organisationa requietog rapid 
information on detected potaittai pollution. 

5. 1.3. 3 Soenario ll; PollutlOtt and Polluter Measurements 
The pollution detection (or report) £t6t& Scenario I initiates, the response 
activities shotm in Figure 5.1-$ as Scenario ll. A timeline of possible response 
activities, such as Figure 5.1-10, is useful to.cndetstand the. interplay and 
Operational coordination of the many and varied elements in this scenario. 
Frequently, the first response steps will be to deploy aircraft or close-by 
ships to verify the suspected pollution. Poiloving verification, these aawift 
platforms identify and document suspected polluters in the area (sub-misslon S) 
and begin their pollutant measurements (sub-missions 2, 3, and 4). 

Mapping .the areal extent and tracking the movement can generally be best 
handled by aircraft but for very large avea targets — such as the 1979 Bay af 
(iampeche oil spill — the synoptic view from Space is a highly useful adjunct. 

hear-surface (aircraft) and surface (ships, btioys) platforms are the only 
reliable means of pollutant classification and quantification within the 
mid-term time frame. 

Almost all of the platforms and mo st of the sensors in this scenario cve the 
same as Scenario Ij so similar data comm link and platform navigat.im and 
positioning support are needed. In this response mode, a more complex set 
of organizational and personnel interactions is underway, including law 
enforcement and cledn-up direction and xenitoring at the !ucal, regional, and 
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national levels. 


FlCtJIS S.1-9 POLLUTIQ^ AMtt PeLLWBR MEASURSHBeiXSt SCENARIO- II 
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FIGURE S.1-1® HESPQHSB TIMEUNE (SCEHRMO II) 
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As Flgfifs 5«i-li j^serays, sstisesk on plaeforas at mil ISvsls Sre seedsd-la 
ittpiBtdrt of vStloos pr«dlcti'(r« taotilals usoj to proioet ths 

uA poteotisl lopstt oa ssasltlvs steaa. ITtmetous spsteeraft <oosther satellites; 
Isnii, ses« Mbi lee obSetvets) eattaatly do and. will ia the ftturepley as 
iiSb'B^i^ta&t ti^e Hfuiiiaiataltilog the oeteeselogltal, oeeanogsaphlc«, attd ecological 
date haaes necMtos^ fot uodeL optdtatloti« A ratge of surface platfoniis (dboted 
htatys. driftiag httoysk ships »..ddaetal/headlaiid stations) pi^ovlde critical » la 

t 

sltn fMasttreaeats ehich eiohance the actticaey of the remote seas^ data. Mobile 
close-in plateozas (aircraft and ships) are psttleulatly helpful In real>tlae 
response aetlvltlM fa providing the models rnlth fine scale, accurate local 
measttfatents from which to pro j set, thus, a wide set of space, air, and surface 
platforms — most of which already exist — together with their data processing 
systems, support this scenario of (1) routine data base hulldlag and model 
development and (2) model projections in polltttion response acti<^eies. 
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5A COASTAL COVERAGE AKAl>tSt$ 


Sk2.1 SOMHABT 

5. 2.1h4^ AttAly&ls Objeecivea and MethodelOfty 

VAViotts rdf&ote setisittg d^itldttA £ot coaAtAl AtAA cdvai^agd AAlled £dt att 
dapth ttade analysis. SpAclfieaily, dlffatant platforft/sehsot optlfias could uttt- 
be coii^arud to each Othet wtchouc quautitative eatlinates o£ thelt pet£o£&Ance 
in support d£ tIOPS loissioti needs. The follot^ing shdus the general approach to 
these trade Studies. 


plat^osm/sensor coyspAeB AiiALtgss 

e Identify S^ors Critical to MOPS Mission Success 

4 . Define coverage Objectives (Areal, T^oral) for those Sensors 

e Perform Orbital Simulation and Parawettic Trade sttsdies to 

Ouancify the Performance of various Options in Meeting Objectives. 

Two critical remote sensing needs were selected from Table 3.4-1 for coverage 
assessment, the front end of pollution response activities — detection of 
possible Coastal tone pollution — requires frequent broad area surveillance, 
such as that provided by high resolution imaging sensors. The details of 
possible airborne and spacabome candidates were presented in Sections 4.1.2 
and 4.1.31 in»depth analysis of their capability to meet daily broad area 
pollution detection needs is discussed beicK^' in section 5.2.3. The most defAanding 
temporal frequency need is for face modeling input data in the area of wind 
measurShentS i every six hours for direction and every three hours for speed, 
section 4.1.2 above details the capability of the space-botne scattetometer to 
provide these data; Section 5.2.4 below asSess the temporal resolution 
possible With assumed platform/ sensor configurations. 
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Ttfd eeti1mlq\}eB uete d«ydld{ied tdt pBtfdttBteg these dov6tage analyses, the 
first ei^loyed gra|>hlcal pldts eeaftu.ta 3 e_and hand-drawn overlays of various 
orbits and ground swaths of interest on the O.S. coastal ronea. this technl<iue 
was useful in charaeterizlng broad differeaoes aaong orbit/seusor options and 
assessing the relative iapaet of ciitical sensor, paraneters (such as field 
Of view, day/nlfeht and active/passive sensing,. and pointabmty) and critical 
orbit paraweters (such ss repeat cycle jiptioiis, inclination, and altitude). 
:^urther)nore, m^ual plotting of computer-generated target acquisitions was 
used in the latter part of the areal and fractional coverage analysis to 
estimate portions of (1) redundant coverage and (2) inaccessibility of .the 
various orblt/SettSor/target tone combinations. 

the second eethniqqe utillaed a computer simulation (entitled COAStC&VBR) to 
assess the absolute and relative performance of a number of orbic/sensor 
Options, the motivation for obtaining accurate quantitative results, the 
options addressed, and the results themselves are presented in the following 
sections. 


(>KlGfXAL PAGR is 

5, 2. 1.2 Results and Concluelens QUALlTlf 

Rumerous analysis results ere listed In their respective sections belowj 
graphical coverage analysis (5. 2. 3.1), CdaSTCOVfiR areal coverage (5.2.3.2.1.1), 
00ASTO6VBR fractional coverage (5. 2. 3. 2. 1.2), and parametric sensitivity 
(5.2. 3. 1.2). the Ray results, with their associated conclusions, follow. All 
relate to the missions, orbit options^ sensor characteristics, and target tones 
presented in section s.2.2 below. 

GOtiRAh 

1. while the graphical plotting technique was useful fot some qualitative 
conclusions* particularly on the impact of key parameters (Inclination, 
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1 


4 


lonisitude of aooendlng node, aoeede (tWdth width) — it wiio not adequate 
for accnrate coverage cradeM>ffs. (S3ASta)VE& a flexible, computer 
aintulatlon ~ was deveiopedL .imd^rovlded the needed outpuca for orbit/ 
senaor trade-^offa. 

C6ASTAL mstim 

2. In-terma of total coastal area covered (some redundantly) by 
aeveral orbit/ aenaor options: 

3 2 

a. A SaA can image about 2700 ClO )lb!i of U.S. coastal tone in 
an average day. Aircraft, imaging a 20 n. mi. swath at 200 
biiots, would require about 200 ntlssion'~hours per day to cover 
the same area. 

b. An opbioal Imager can cover only about 23-30t of the Sa& 
capability due to high coastal cloud cover, no n ight jwaging, 
and sun lighting constraints. 

3. In terms of a "bottom line" objective of total U.S. coastal coverage 
once a day, two potential spacecraft /aircraft mixes ate recommended for 
further- consideration. Seth ard based on a wlde-swath .(350-400 Km) 
pointable §AR With a 4^S0 Km access swath: . 

a. two spacecraft in a 3-*day (Case II) repeat cycle, supplemented 
by aircraft only in the Gulf tone. 

b. -.0ae spacecraft in a l-4ay (case tV) repeat cycle, with aigni- 

ficSttt aircraft supplemetltatiotl in all zdHtes concept the Atlantic. 



( 




^ 
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4. to ttiooe Cho atone objective es 3 above vlth o^tioal epaee eenalng 

la ttueh tsore dl£flcult. thtee to fout tlatee the numbet of pUtfom/eettsor 

coinbinatloee ae lA 3a. and b. above vould be teqelved. SveA vlth that 

tiAltipllelty of spaeeeraft heavy coastal cloud cover aad sun lightlAg 

coAsttalAca preclude high coAfldence ia iseetlAg the dally objective. 

CeosyAchrenobS spacecraft vould be a uore logical approach to the tenporal 

resolutloA requireiaeAt« but are Aot forecast as a viable alternative t^lthln 

the mld‘-tertii tiae frame. t)iUGlNAL PAGK 

OP POOR QUALltY 

5. The Gulf coastal tone is significantly more difficult to cover than 
the. other areas due to its east-west o'tientatlOA and width and its low 
latitude. 

6. Sensor duty cycles of about iZ (23-27 minutes per day) are needed 
for this mission. and these target tones, regardless of orblt/sensOr 
cottfigutatiott* This reinforces the concpet of shared roles for this sensor 
(or sensors) with other missions and/or nations. 

« 

♦ 

yatfi MODBt itipUT Mtssiot} 

7. To meet the critical wind-temporal resolution requirements of 3 
hours (speed) and 6 hours (direction) with microwave scatterometers 

in typical !t06S and ICEX orbits would require at least 8 total platforms 
for wind speed and at least 4 total platforms for wind direction. 

5.2.2 TfiAflE*OfP OPTIONS AND ASStftlPttOMS 
3. 2. 2.1 Missions 

These coverage analyses addressed the driving missions for the key ocean 
pollution remote sensors based on the section 3. 3 user requirements. The 
high resolution imaging sertaors — both radar and passive optical — aro ar>Ft 
heavily challenged by the detection and areal mapping need. The less s*‘ Infio-t 
of the temporal resolution requirements was taken as the mission for i ' f 


iMglftg settsdt: 6ft66 dally eavetage 6t tha U.8, Cbagtal gdtm out to 

200 It, ml* tathdt thaft atite dvary 12 hours. aut ro S0.&. ml. Saetldtt 5.2.3 
oovars these enal^^ses ift dstail. 

To Divesclgate iirltital higtlJraquabcy fata itddal ia^uta (not turrently provided 
by other sensing systeas), the use of synoptic-coverage spacecraft uticresave 
scatterometera for once every 3-6 hours wind aeasureutents was taken as the 
mission. Section S.2.4 suamarires that temporal coverage analysis. 

5. 2. 2. 2 target 2ones 

figure S.2-1 illustrates the four O.s. coastal zones used as targets for 
coverage by the various saisor/platfotm options, following are the area 
estimates by zone out to 200 n. mi. off the coast, (generated by the GOAStCOVBh 
SintnlaciOn} t 


ATLAhttC: 

1320 

(10^) 

fatt“ 

Gftitt: 

doo 

(10^) 

Km^ 

PACIFIC: 

930 

(10^) 

!Cm^ 

ALAdFA: 

650 

(10^) 


(only as far west 

• 

as tCodiak 

Island) 

TOTAL OF ALL fOWU 

3720 (10^) 

•> 

Kra“ 


5.2.2. 3 gensors/Platfotms 

As discussed in detail earlier, the study position has been to seek other 
Similar missions in order to share their sensor and platform costs and capa- 
bilities. 
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Zones Used as %stem 'Dirgets 











This has Isd to ool^ otto ^tSAtlsl SA& shstod'^tilsoiOA ^ossibUltyf 1(XX. 

ThS host sttt&etlve high tfOddlutlon otttioal imagsrs tfithitt out tints franc; 
ate thtt MSS and TM (taadsat D) and tha polfteabla aettsot ^roitoaed for the 
Oj^aratioftal Satth ftssoardas System (0£fiS). ftotjsver, ftotie of these Insttu- 
nettts fits our «lde area dally coverage need due to natrouitess of swath, 
lack of ^liitahllity* and/or too long a repeat cycle, fhus, the proposed 
wlde^swath poihtable optical linear array (yoU) Is assumed to piggyback 
on the Sa& |^tilOS!l . 

figure 5.2*“i showj tha currently-proposed swething patterns for the poin table 
inagera and non‘»pomtabl6 scatterometer. Figure 5.2-3 illustrates the catploy- 
ntfit of the luagst against the Atlantic coastal none. 

Aircraft sensors and platforms directly of use to our mission include the a?.x 
and advanced Aitl, discussed above* The large number of these relatively narrow 
swath systems repaired to meet the wide area daily surveillance mission by 
themselves points toward their suggested role 1*; a mixed-platform system: 
covering part of the Gulf sons and filling in gaps or increasing coverage 
frequency as ne^ed elsewhere. 


4,2.2.4 orbits 

the three different low earth orbits addtessad in great detail by the cOAStcoVEft 
simulation aret 

1. 2-day non-sun synchronous: the curtetit IcfiJt iLtsigtah preference 
(dase I in table s.2-1) 

2. 3-day nott-suft synchronous: a SAR study - proposed IGfiX otbit 

(Reference 133)} case ii in Table 5.2-D 

3. 1-dSy siift-synchronoUs : assumed alternative to simplify the use 

of the Optical sensors (Cases III and IV in Table 5.2-1) 


Figure 5.2-2 
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ARBtu. emmcR 


5.2v3.i; Ctr a»hteal Plagcititt te^httiaua 

A p»evi 0 ual 7 *davAlO]^ed. dttltal Bittulaeldti-eottputtar progtaoi- attd AutomAted ground 
Craok/eaMh map ploetlng pregrAtt atexa uoed eo gunorated g«%phleal ovorlAys o£ 

YIMOUS otbies £w Bdrdantng and <iualieaeivo eovetaga AstlAataa. flgura 5.2-^ 
is att axauple of a Bansdr aoeasB- pattern for a 1200-kst ground aoath along the 
tl.S.. eoaaeilfttt. the folloulng orbits ^mre enattined by this teohaique to assess. 
their relative tterits and sensitivity to varying sensor and orbit petameters 
for the dally ooastal tone detection mission: 

• too suit'>synehronou8 l^day repeaters 

- TOO Other sun>*8ynehron0U8 repeatera (3-day and 6-day) 

- ttto oott-sttn-synchronotts 1-day repeaters. 

The resttlts^f these investigations are sho«M in figures 5.2-1 through S.2-6 for 
altitudes in the Lendsat/NdSS/metsat/lcffic regime (f0o-9dO fta) and figure 5.2-9 
for the louer altitude Shuttle sortie regime. 

The adrantegee of thia tsehnique are visibility and flexibility, once the ground 

traok and swath visuals were prepared, the analyst could quickly assess the 
Impact Of varying swath width, inclination,, nodal crossing longitude, and other 

key paratseten. Some of the results of these graphical plot trade-offs are 
shown in figure S.2-10. . 

The disadvantage Of this technique is that it cannot easily provide dccumte 
numerical answers, dlven the asftUBptioft of a spate sensor field of view pointable 
on either Side of nadir with in actual ground swath narrower than t.ie ground accesa 
swath, ..rhera-aiA Jsdfljaaay_vat:iJbiea to approxixBSte the target area coveted rnct siapiv 


:5S 


z 5w2^ DAIW SENSOR ACCESS FOR. A 
DH-SOTCHRONOOS ohr-dae rbpeaier 
(895 Ot, 110® radJHMCMM) 



FieUBE 5-2>5. GOVEBAG& BY SON-SYHCmUMiOaS l-OMT REBBA^TBB 




PIOIRE S^-6 GOVESftGB BY SUN->$menBOIiOUS 3-OBY REmTBR 



QNB iO? SEflESAty 0!K\IT/F0V *'iSQlllTrOUSr*^ TKtkr mMIT AOXSS TO 
A IttGtt I?3?.C3iff ASS OP TARGST ARBAS DATLY 






























neOBE 5.2-7. CX1VB8A6B BY S»N-SYNeiiII0limi8 6-OAT REFBATBR 









































ORlGWAt f AO® 0 
(IF PiHm aUALl^ 





FI6HRB5.^9t TUO LONSR. ALTITtlSK OPnONS CCont) 





s.z-io OP GB/imcM. oovraiA^ analysis 



auciftg a «p«at eydle, this b^eauia especsiailjr ctue as eha paramseefs 
6f saeh etbic «ere vatled and tha tuxubet of orbits exaulAsd «as itietsasad. a 
flsicLble, rapid response tool to give aeeurate ooveraga estlnatea far a wide rcoige 
of orbit and sensor paretneter options tras needed. donsequenUy* a cowptitet 
p.regruiD t»as developed and is disoussed in the next seetlon. 
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OiASTgOVERi fewttttter Siaulattert far Cdvefage Aftalvels 
tfi drdet td detdtnllte aeetitate eot^etase figures fur a rnflgn of o’-blfo and 
senedr et»aeh {tataneters ^ fidiftting et>elattS( a edttpufcev sijiulatlon «>aB developed. 
Kae«n as CDAStC()V&tt» the Software la listed in Appendix A« whitH also contains 
soaa slnulatiAn results. 

daslnally, as Highlighted in figure S.z^-ll, it eo&prises several sabroutines 
built upon the alteady-exlstlAg standard orbital simulation (DR9) which transform 
orbit, target, and remote sensor characteristics into accessible and actual ground 
swath taidths and accumulated ground area covered during discrete passes through 
a eatgac tone* flexibility has been built. .into .the ptogtam to allow for sensor 
FO'f pointabiliey, inaccessiblUty of viewing close in to nadir for side-looking 
tfiierowava insttuments (the **blind spot"), and area accumulation options to 
simulace one or two^^^lded. viewing, pointable or fixed - fov instrtatents, and 
"Blind Spot" or "no blind spot" instrt»»eiits« 

Section b.2.2 discussed and illustrated the viewing and target options selected 
for assessment, the following_sectlons detail the results of the COASTCOVSR 
simulations in (1) comparing various discrete orbit/sensor options in performing 
the ocean pollution surveillance mission and (2) analyzing the sensitivity of 
coverage results to parameters such as access swath width, sensor pointability, 
and orbital plane orientation. 

3. 2*3. 2.1 Coverage Results for a Set of orblt/Sensor Configurations 
coAStCbvfft was run ofl.many different orbit/sensor configurations to examine the 
Surveillance capability for microwave aftd optical imaging sensors against the 
four main U.S. coastal zones Illustrated in Section 5.2.2 above: Atlantic, Gulf, 

Paclflc«_and Alaska, The ten Configurations of most current interest (based on 
the logic of 3.2. 2 above) ace summarized as Cases I through IV in Table 5.2-1. 
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Casdd V aftd VI vlll be bDvered in Sedtitin 5.?. A alnee they wars tun fot Cempotni 
(nut aredl) coverage analyaie. 


i.Z.3.2.1.1 COAStCdVER Afflal Covetatte Calculatlone . The detailed coverage 
figures for each of the ten cases are provided In Appendix A in tables A-1 through 
A«40. Each table presents the areal coverage fot each pass throughout the repeat 
cycle (1, 2, or 3 days) for one of the four target zones. In addition to the 
pass-by-pass and day-by-day detials of type of pass (ascending or descending) and 
side of 8ub“Satellite track (east or west) , the results were accumulated in 
several useful uaysi 

ASCENDING, DESCENDING AND COMBINED GRAND TOTALS: 

The relative contribution of type of pass over the whole repeat cycle 
can be seen here. This is particularly unoful for optical instruments 
where sun lighting conditions are critical. Fot the two sun-synchrmous 
orbits (Cases Itl and IV) , only the descending passes would be used 
for passive optical sensing in a typical scenatia.. 

"NO BLIND SPOT" SENSOR TOTAL: 

This simulation option "allowed" the sensor to see area within the 
radar "blind spot" (as an optical sensor could). T>Tl<'-alLy» this 
increased the areal coverage capability over the co'ffiT'^n GF.Ayp 
TOTAL. 

"Ot^E-SlDE ONLY" SENSOR TOTALS : 

While the above totals assuftSd the field of view could .iccoss beth 
sides of nadir, this option assumed one-side only (as for a icacat*- 
type one antenna SAR sensor). The effect 6f which side or>. t’.c coverage 
totals is shoVH by the two totals. 

DAILY average access TIME: 

The daily sum of the number of minuteS coverage t*cr each pass across 
a target zohe was averaged over a repeat cycle. This figure is 
useful fot sensor duty cycle esitmates. 
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FKUIREIZ-Ut CQAS1C0VER 

A COMPUTE SIMUiATtCm FCK COftSlAL C0VERA6I ANKLYSI^S 



thosd detdlldd results are suifimarized for each case for each target zone (and 

the overall tJ.5. coastal zone) in tablet 3 , 2-2 through 5,2-6. fiaeh table allows easy 


eottjperlsdft of the ten cases in terms of average, dally areal coverage, as well as 
showing the **all*orblt means'*. While these numbers will be further used in later 


discussions of Sensitivity to variation of-parameters, a few points ,nay be made 


here: 

1 . 


ouuiisAi. 
OV' ininU 


A Sar wlde-swath. Imaging sensor (with blind spot) can cover about 2700 
(103) of the U.9. Coastal Zone on an average day, (Some of this 
area is redundantly covered.) For 200 Knot aircraft with 20 nm swath 
width (disregarding their blind spot), about 200 mission-hours per 
dAy could provide the same coverage. 


2. A polntable width-swath optical imager (such as the POLA) can co’*it 
about 750 (10^) Km^ of U.S. Coastal Zone oh an average day (assuming 
50Z coastal cloud..cover, .descending passes only, and tto blind spot>, 

3. The Gulf of Mexico is the most poorly covered target zone due to 

the combination of its east-to-west width (>> 1500 Km) , its low latitude 
(minimizes swath sidelap), and the high orbital inclinations. 

4. Sensor duty cycles of only about 2% (23 to 27 minutes a dry) are 
indicated for -this mission atld these target zones. 


5. 2. 3. 2. 1.2 Fractional Coverage Estimates , The "bottom line" coverage question 
is not simply — how mUch area can be surveyed daily by each orbit/setisor ;ort~ 
figuration? — but rather . — what fraction of the target zohe is covered dail^* 
by each configuration? A corollary question is: how much target area Is never 

surveyed by a given configuration? To arrive at these estimates, the quantiative 
areal coverage estimates of COASTCOVER x^te combined with graphical plot estimates 
of daily coverage redundancy. The COASTCOVER Latitude/longitude ejaculations for 
each coverage pass were used togathet with the graphical plotting techniques 
of Secti on 5. 2 .3.1 to esitmate a daily average NRF (Mon-Redundancy Factor) for 
each of the ten cases for each target zone. This factor adjusts’ the daily areal 
coverage for those areas covered multiple rimes. It could range from 1.0 for 
no dally coverage redundancy down to less than 'i.5 (•..•here ).5 mems all area . 
covered on an average day is covered an avora:;e of t'..’ice). 
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Yibles S.2-7 th«mgh 5<2-Id pi;6S6ne etie KTRP And rdBUltlng IrBctlondl .doverage 
dstlMAtM idt edeh-Otblt/sensot fi&se dnd each of Che fout eoaatal. targat zoned < 
table 5.2»11 la a ct8Be<-by-eaae eoAipatlsoit fot the cocai of the fouir zones, 
tn addition- to the NfiF estlsiatea just desctibad,. a paeudo^'ceverage fraetion 
<tCP) eea ealtulated, ratloing dally areal coverage to the total target zone 
area. Redundancy eae thei accounted for by jaultlplying the PCF by the NRf to 
atrlue~ac. a dally coverage fraction (DCF) . . 


Thia-!!bottom line" eetliaate of the performance Of each orbit/senaor configuration 
in meeting the totel diaiy surveillance objective (DCF - l) should be thoughtfully 
applied. A DCF Of 0.3 does mean that half the target zone be sun^eyed on 
m average day but it does not necessarily <tean chat two spacecraft with this 
otbit/sttisor configuration can survey all the target zone on an average day. 

That is due CO some fraction of the target zone never being accessible to some 
orbic/sensor configurations; this fraction was estimated and is presented in the 
same tables as PNA (Percent Never Accesa :bie) . these five tables can thus be 
used to fully compare the ten cases considered as to their "bottom lloeli perform- 
ance of the daily surveillance mission. A few general results are cited here; 


1. The average adjustment for redundancy for all orbits and target zone 
latitudes and orientations is to downgrade the area surveyed by about 
25^ (NftP • 0.75). For these near-polat orbits, the east-west oriented 
zones (Gulf and Alaska) experience significantly higher redundancy than 
the north-south oriented zones (Atlantic and Pacific). 

2. As was the case with steal coverage, the fractional coverage of the 
Gulf (fiCF«0.4) is significantly lower than the other throe zones 
(DCF 0*55 to 0.59). 

3. The fractions that are never accessible (PNA) are directly proportional 
to one factor (east-west zone width) and inversely proportional to two 
factors (latitude and number of days (and/or orbits) per repeat cycle) . 
Case H — the 3-day repeater — allows access to the entire U.S. 
coastal zone except for a small part of the Gulf. The one* day repeaters 
— Cases III and IV — leave large areas (greater than 25'.) inaccessible. 


TJfflEE S.2-7 s FBACnOHAL C0TORA6B COMPARISOU 
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PCF: Pseuda-Ca«epage Fraction = fe«rage Qatl^ Covarate- Total 4 Target Zone Area (does not account fbr 
redundant cov-era^e) . 

DCF: Daily Coverage Fraction « n:iF x PCF (adjusts the PCF for eetlinated redundant coverage>. 

PHA: Percent Never Accessible » Percint of tairget zone never accessible (within, tte Fav) through the 
entire repeat cycle. 
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PCF: Pseudo-Coverage Frasction » Average Daily Coverage Total 4r Target Zone Area; (does not account for 
redundant coverage). 

DCF: Daily Coverage Fraction » HRF x PCF (adjusts the PCF fbr estimates! redundant coverage). 

PNA: Percent never Accessible * Percent of target zone never accessible (witnln the FOV) tiroi the 

entire repeat cycle. 


4. On the bdsis of maximising nvctage doily covetage (DCF) and minlmislnR 
afdas nevatf covoFod (FNA) , case it ia alighCly au^afiof to Cano I 

and much sU|iafiof to Cdsdo III and IV* conalddfing all four U.S. coastal 
.**^**ft^ togUChdtf, tot each tdtgot aono by itahlf^ a difforont orbit ^ 
otlgnC bo pifofoffed — fert cxdmtilo, Caae IV. C. tot tha Atlantic 

5. tot dll four eddueal zonds takofl togothef, eho 06 F haa a tight tonge 

dcfoda the eight ^00 Km deeaas awnth caaoa: ffom 0.4S to O.S6 with 

d modn value o£ 0.50. On the othot hand, the PNA haa a vide tango 
dopoilding on which of the 8 Orbits Is choaon. 

5. 2. 5. 2. 2 Sonaitivity to Vatiation of Kev Parametera 

Thu above corieluaiona ate fairly general for the ten coverage caaoa simulated. 

The following paragraphs illustrate some of the power of a flexible-computer 
aiftittlatloft-id-aaaeaaing the specific effect of variability in key orbital 
and sensor parameters. 

Figures 5.2-11 through 5.2-15 Illustrate the performance of each of the 10 cases — 
measured by DCF and PNA — for the four coastal cones taken together and 
individually. Cases ate plotted such that better Coverage will result in 
moVanehC up the page (higher DCF) and/or to the left (lower FtlA) . Thus, an 
orblt/sensor configuration that covers the entire zone daily (DCF ® 1) and 
has nO area never accessible (PNA =* O’O will be in the upper left-hand corner. 

This graphical rendering of performance allows the reader to accurately com- 
pare orbits quickly on a zone-by-zone or total U.S. basis. It greatly 
facilitates analysis of sensitivity to key parameters and supports the following 
points. 

* 

5. 2. 3. 2. 2.1 Sensor Pointabilitv . In all cases, adding polntability to the 
sensor improved the coverage capability (9': average). The degree of improvement, hat^ev 
was wide; ranging from only 1-2Z up to 247. (using DCF as the mcasvre). When 
redundancy of coverage is disregarded and PCF is used as ^he measure, improvement 
is even greater (an average of 14'; versus 97, average for DCF) . 
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5. 2. 3. 2. 2. 2 Aeeesa Swath Width . Cases HI and IV each have two poinCable 
options • one with an access swath of 4600 Km and one with +750 to. The 
coveta({e Imptovement is roughly proportional to the additional access width 
within which the sensot can be pointed; about 50 to or 10% for the 4600 to 
cases versus about 200 to or 36% for the ,f750 to cases. Suffice it to note 
that additional access always improves coverage markedly. 

5. 2.3. 2. 2. 3 Ntmbar of Davs (and/or Orbits) Per Repeat Cycle. 

For the total V.S. case and for almost all of the individual zones, coverage 
in terms of PNA improves proportionally with an Increase in the repeat cycle 
days or orbits. On the other hand, coverage in terms of DCF is not predictably 
related to repeat cycle length. 

5. 2. 3. 2. 2. 4 Target Zone 

Inspection of the individual zone mean coverage values quickly illustrates 

that the Gulf zone is significantly more poorly covered. This is due tc a combina. 

tion of low latitude, east-west extent, and near-polar orbits. 

conversely, the Alaskan zone can be seen to be significantly easier to cover, 
in terms of PNA. Thi^ is due to the compression of interswath ground distance as 

a function of increasing latitude. 


5. 2. 3. 2. 2. 5 Orbital Platte Orientation (Longitude of Ascending Node) 

The effects of orbital plane orientation arc most pronounced for short repeat c -rl. 
orbits. As an example, a U-orbit, one-day repeater with 400 Km ground swath misses, 
about two-thirds of the earth at latitude even when both ascending and descend in 


passes are used. Careful selection of the nodal crossing point allows excellent 
high-frequency coverage of some areas — at the expense of poor coverar.e of others. 
The Case III and IV coverage for the Atlantic and Pacific cones ("Figures '.--U a.. 
5.2-14) emphasize this. Case III cave excellent coverage of the Pacific with a 


longitude of ascending node of -83° (83° W) at the cost of terrible Coverage 
of the Atlantic. A nodal crossing (Case IV, -76°) selected to optimally cover the 
Atlantic greatly reduced the Pacific and Gulf coverage. At sun-synchronous Inclin- 
ations, the Atlantic and Pacific zones are ’’out of phase” for good 1-day repeat cycle 
coverage. 

5. 2. 3.2. 2. 6 Blind Spot Effect 

Figure S.2— 11 shows the general impact of the radar blind spot on coverage. 

Removing the blind spot around nadir (+10° nadir angle) increases the coverage for 
all Cases, in terms of both DCF and PNA. To assume this improvement for optical 
imaging (with no blind spot) would be very misleading, however. The combination 
of no night sensing, cloud obscuration, haze effects, and sun angle problems 
(especially with non-sun synchronous orbits) In fact brings the optical Imager 
coverage far below the SAR (with blind spot). 


5.2.4 TEMPORAL RESOLUTION INVESTIGATION 

COASTOOVER has been used in temporal as well as spatial coverage analysis. In 

its present configuration, it can generate latitude - longitude figures for the edge of 

variable swaths across terrestrial target zones as a function of orbital time. 

These figures presently must be hand-plotted and the resulting coverage areas 
analyzed to extract ohservatlonal frecjuencies for coastal zones for selected 
repeating orbits and sensor options. Future program modifications could automate 
both the swath plotting and the area vs. time Aspects of the analysis. 

Under this contract, an investigation of a Critical temporal coverage problem — 
the need for frequent, broad area, wind measurements — was performed. The 
following were the sensor, platform, orbit, and target zone options selected 
for teinporal frequency assessment: 

a. SEIZOR: a microwave scatterometer with a wide swath (several 

htmdred Ion) on both sides of the sub-satellite track providing 
backscatter measurements needed for frequent wind data inputs 
Critical to fate model projections* 

b* PLATFORMr such a sensor is planned for the proposed yosp 

spacecraft and a duplicate 1.^ assumed on a mid-lOJ'O’ i-raccrraft* 

c* ORBIT ! ICEX and NOSS orbits based on current profstra*^. infernntion 
aro shotm as cases V and VI of Table 5.2-1* Th« •!*< ••n ’ vi-rt' 

calculated to fit the orbital parameters and c«:i*ret:t renttor- 

ometer earth Incidence angle consttalnts of 25® tr 

d. TARGET ZONES: as discussed earlier, the Atlantic • ’ ' v’*' 

zones are the highest density .'•ones in terms ,-f t •• 

and pollution incidence and were selected is .ivt' • -• 

this temporal coverage analysis. Further«’'^’*<' . , .. 

due to its southerly latitudes and eaat'--c ■^riencar vides 
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the moat difficult challenge for high frequency temporal coverage 
among the four U*S. coastal target zones » 

The COASTCOVER program was therefore run for total repeat cycles for the 
configurations just discussed. The results are highlighted In Table 5.2-12. 

The pattern of coverage for the Culf for each platform Is illustrated in 
Figures 5.2-16 and 5.2-17. The longitude of ascending node used was -63^; 
a chaftge In this parameter would affect the position of different coverage 
frequency segments within the zone but would not significantly impact the 
zone fractions with different coverage frequencies. 

Combined spacecraft coverage frequency patterns can be produced by numerically 
or graphically overlaying the Individual tCEX and NOSS patterns (Figure 5.2-16 
plus Figure 5.2-17, for Instance). The result, shown In Figure 5.2-18 for the 
Gulf, Is a more complex coverage pattern for each zone with coverage frequencies 
quantized In more levels, ranging from less than 1 up to 3.3 average observations 
per day. No more than 10-20% of each zone would receive the high frequency 
(3*3) coverage and the average coverage across the zones for the combined 
platforms would be around two observations per day. 

The results from this investigation for the assumed orbits can be compared to 
the user requirements discussed in section 3.3. In order to meet the wind 
speed and direction requirements of updates once each three and six hours, 
respectively, some combination of multiple NOSS and/or ICEX scatterometer 
platforms would clearly be necessary. Based on an average coverage rate of 
two observations per day for the combined coverage by one of each platform, 
about four total platforms would be needed to attain every six hour coverace, 
whereas about eight total platforms wotild be necessary for every three hour 


coverage. 
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17. ICEX 2-I)ay Hc-pcater Temporal Coverage of Gulf Coastal Zone 



Figure S. 2-18. An Example of Combined NOSS/lCEX Temporal Covera^ 


5.3 SYSTEM OPTIONS 


Having now structured the users* InCotmiauion requirements Into specific sub- 
mission ® of opcrntlonal ncf'n.irlos Comlti}’, the context for 

mectln*; those nouls, the selection of r.pecl ' Ir* -ivsum elements can bo 
addressed. 

These various generic and specific system elements, in Section 4 and 5.1, may 
then be combined in many possible system options, each providing a particular 
level of support of the user requirements and mission needs. Tlie candidate 
elements ^elected and the several discrete system options syntlieslst - are 
discussed in the following sections. 


;’97 


5.3.1 SYbt^ ELEMENT SCBEBNING AND SELECTION 

The sensor screenlttg dttd selection process was covered In Section 4,1. Thls^ 
combined with the measurement ndeds of the 10 sub-mlsslons leads to a matrix 
6f Sensor type (e.g.» high resolution SAR, scatcerometer, etc.) versus sub- 
mlsSloti supported. The added factors of utility and timing of applicable plat- 
forms (as covered In Section 4.2) for these sensors results Ifl a platform and 
sensor employment concept as presented In Table 5.3-1. Note that the pertinent 
sensors for each sub-mlsslon are enumerated: 

o for platforms at each 6f three levels: space, air, and surface 

0 for both the near-term (1984-87) and mld-terrn (1988-91) time frames, and 
o for either all ocean pollutants or just those other than oil. 

Table 5.3-2 provides a brief descriptive review of each of the sensors and 
platforms which may now be considered for synthesis Into a system option. 

Figure 5.3-1 Shows the projected phasing of the various key system elements. 
Including reference to a possible centralised MOPS Data Processing System 
(MDPS) . 


5.3.2 SYNTHESIS OF SYSTEM OPTIONS 

Beginning with the selected sensor/platform list (Table 5.3-1) anl based on 
(1) qualitative and quantitative trade-off analyses (sections 3.4 and 5.2, 
for example), (2) Insight Into the users* applications of various system 
elements, (3) the relative maturity of critical technologies, and (4) other 
programmatic considerations; several discrete system mix options were defined 
and are highlighted in Figure 5.3-2. The six options selected and detailed on 
the following pages range from a maximum support option (I) through a no cost 
option (VI), which employs the capabilities of the various currently-active, 
planned, and proposed systems through the next decade. With each individual 
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CO VSTAL ZONE COLOR SCANNER/ADVANCED C/A SCANNING MJLEISPECTRAL OBTICAL SPECTRO-RADIOMETBRS BASED 

VERY HIGH RESOILTIOW RADIOMETER (CZCS/AVHRR) ON CURRENTLY OPERATING INSTRUMENTS (2 OPTICAL SENSORS • 

NEAR-TERM CONFIGURATION NOT FIRM) 


TABLE 5.3-2 (CONTINUED) 

KEY TO SENSOR/PIATFORM EMPLOYMENT MATRIX (CONT'D) 
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iiLll.uuolixacAL STAIIOUS MS ANY OF THE AUT(»fATBO OR NON-AUTOMATEO COASTAL MET 

STATIONS PROVIDING ROUTINE HEATHER INFORMATION 


FIGURE 5.3-1 KEY SYSTEM ELEMENT PHASING 





Figure 5.3-2 Highlights Of System Mix Options 


option write-up Is a figure, showing the time-phasing of the selected system 
elements. Options I through III employ various levels of enhanced spacecraft 
remote sensing techniques, whereas option IV utilizes primarily aircraft for 
detection. Option V was Included to provide a minimum cost appf ach 
to make the most of planned and proposed remote sensing Systems by augmenting 
the communications and data presentation elements. Option VI Is a no cost 
(no system) future used as a performance baseline. The approximate rela- 
tive cost and effectiveness of each option Is estimated and compared in Section 
5.4. 


5. 3. 2.1 Option I: High Resolution, Ifultlple Space Imaging (Reference Fig. 

5t3^ 

Option 1 features advanced technology Sensors at all three levels - in space, 
in the air, and on the surface. The pointable high resolution synthetic aperture 
radar and optical multlspectral linear array will provide primary and corrobora- 
tive imaging data on ocean pollutants over a large percentage of the 200 nautical 
mile coastal zone on a daily basis. Uow large a percentage will depend on the 
ICEX, SAR, and FOLA parameters in the near-term plus the advanced ARI SAR 
parameters in the mid-term. Oil spilled into the marine environment — whether 
by accident or intentionally - will be resolvable by these sensors under certain 
weather and/or viewing conditions. 

The synoptic spacecraft detection and monitoring capabilities will assist the 
aircraft and surface platforms by defining the high probability spill areas 
(for frequent close-itt surveillance) and by providing the initial detection 
of suspected pollution in progress to which the alrctaft and/or nearby ships 
may respond and make their short-range measurements of the pollutant and potential 
polluter. State-of-the-art sensors - such as s^mthctic aperture radar, laser 
fluorosenslng, and passive microwave imaging - will enhance the aircraft’s ahilit- 
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RADAR (SAR) AND POINTABLE OPTICAL IJNEAR ARRAY (PO» A) 
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Figure 5.3-3. High Resolution, Multiple Space 
Imaging — SYSTEM OPTION L 





to identify and quantify the pollutant. 


The fata and impact modelling effort will be supported by a suite of meteoro- 
logical and oceanographic sensing devices at all levels. However, as shcfwn in 
Section 5.2.4, full support of the mo.il input temporal resolution requirements 
(for ejcample, every 6 hour wind data) would require multiple NOSS and/or 
multiple ICEX platforms. 

The high sensor data rates (both space and air) will require wide band communi- 
cation links such as those of TDRSS and domestic COMSATS. 

In addition to making maximum use of existing data systems - including HOSS, 
NESS, and WS - a major MOPS data processing system will be developed and 
implemented. It will be the full capability version described in Section 4.3 
incorporating special processing for the space SAR and POtA, and high speed 
"smart" correlation processing from the various platforms and sensors in order 
to minimize the false alarm rate. An immediate and ambitious Information 
extraction research program is envisioned to develop the necessary software 
for the system implementation shorn. 


5«3,2.2 Option II: Medium ftesolutiont Multiple Space Imag in g (Ref. Fig. 5.3-^A) 

Option II differs from Option I primarily In the resolution level of the space- 
craft pollution detection sensors - now 100 m as opposed to 30 m. This resolu- 
tion change will degrade the apace detection capabilities against the Intentional 
operational discharges of small ships and newer and/or fast non-tankers, based 
on the analysis discussed in Section 3. A. This class of oil pollution may be 
frequent in occurrence, but is comparatively low in overall volume. The pollution 
response and model input capabilities of this option are virtually unchanged 
from Option I. 

Another significant modification due to the change in resolution is in the data 
communication and processing systems* Reduced space sensor data rates in turn 
reduce the wide band communication link requirements and permit doim-sizing 
of certain components in the data processing system. 

As In Option I, the development of information extraction alsorithms for nro- 
cesslng these data will be a maior challenae throushout the program ttocline. 


PHtNCIUM. yVSTLM t LLMKNTh 


pt^ATFonM/styson 

SPACKCPAFT 

AmCHAFT 

SIT^FACE 

DATA systems] 


COMM UNKrj 


ctimnsr— ^3 


N TAR-TniM 




SAMK AS OPTl(*N T K XCrPT Vv 

SAU & POLA ntSOLUTION . ~ > 

REDUCED TO 100 METERS ^ 


SAME AS OPTION I WtTH SOME HARDWARE/SOFTWARC SCALE RLDl-CTtON DUE TO LOWER SPACE 
SENSOR DATA RATES 


SAME AS OPTK 'N I WtTtl Lt^'^S nANDWIDTU NLEPKt> IS* LINK WITH L(»\VEU SPACE SENSf R DATA HATES 


A MEDIUM mhOLl TloN, itlOH CAPAtULI V SYSTEM 


• ANOTHER ** ALL-UP** OPTION WITH SOMEWHAT lU Ot CU) l i^LLUTION IMAOlNcJ ULSOLirni 'N l Uc V hVM I 

• SENSORS, INFO EXTRACTION SOFTWARE, AND CtRUlND DATA I’RrCl SSING ARE MA.T('H r: VKLi IMEM / I •*:’ M l.* r i s 

AS IN OPTION I ‘ 

• MINOR DIFFERENCES IN SUPPORT OF DETirCTICN AM) NtOMToRlNO FRnM ..pTXN I — > rKHTAlN SV; 1. f E 

AND NON-TANKEH OPERATIONAL OISCHARGEli NOT OENERALLV OH ‘ EUVAHLE mo?.* A*:E 
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3.3.2,'ji Option III; Medium RoBolutlon. Slnftlo Space Imafiinn ^ FIr. 5,3-5) 
Option 111 Will, retain the Option II capabilities of the prironry space detection 
sensor (SAR) but not Include the corroborating optical sensor (POLA). Swoptlc 
space detection ind monitoring of marine oil pollution, both day and night under 
a wide range of weather conditions, will still be a feature of this option. 


Further communications data link savings will be effected by the deletion of the 
high rate FOLA sensor and major cost savings within the data processing system 
will be possible because of the removal of the POtA processor. 

Pull aircraft and surface detection and response capabilities t<iill remain In this 
option, as well as multi-level data acquisition providing Inputs for the fate 
and Itnpact models. 
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5. 3.2.4 Option IV{ Prodorolnantlv Aircraft Imnnlng (Reference Figure 5. 3.-6) 
Option IV roprosenta a major change In approach to tho wide area pollution 
aurvolllanco and monitoring mlaaion - tho employment of a much larger fleet 
of aircraft in lieu of dedicated apace imaging aonsors. The estimated fleet 
aiae for full, all weather coverage of the U.S. coastal zone with aircraft is 
a strong function of the resolution and type of imaging radar employed. 
Approximate numbers of aircraft required to provide dally flights over the 
U.S. coastal zone range from on the order of 100 for real aperture tadar systems 
dotflj to approximately 30 for synthetic aperture systems. Balanced against 
the Improved response capabilities for rapid close-in pollution and polluter 
measurements attendant to such a large aircraft fleet are 1) the greatly 
increased operating and maintenance costs of a large aircraft fleet and 

2) the loss of the synoptic coastal zone view provided by dedicated spacecraft 
sensotse 


Data communications and processing systems will be different fro?’ the previous 
options and must support a greatly increased number of data acquire "ion plat- 
forms, each with much lower data rates than the comparable space scr>scrs. It 
is envisioned that a centralized MOPS data prc'^essing system wouV ' o. required 
in both the near and mid terms but would have a limited capabilit- jn the 
near term compared to Options I through III. While providing model ur-err. 
with the same archival and processing capabilities as in the earMor 
the use of onboard processing for SL\R imagery will eliminate t':a!- r of 

the MBPS, in the mid term, it is possible that tho processing cf ' iragorv 
from the aircraft will be handled in the JIDPS In a centralized fc: ' . n (utilin- 
ing data relay via wideband leased phone lines) rather than 'avlng onboard sar 
processing for each aircraft. 
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5. 3. 2. 5 Option V; Mltll mum Coat/lmproved Data Usage (Reference Figure 5,3-7) 
Option V Is a mlttlfflum cost approach to make the best use of e:«l8ting ocean 
pollution data sources ae soon as possible. Data sources would Include the 
current and planned Coast Guard aircraft sensing systetfts and all space sensors 
with demonstrated or potential applicability. Notable in the latter category 
are the high optical and microwave sensors proposed for the 
Operational Earth Resources System and the ICEX system, both planned for the 
mid 19d0 s. Furthermore, the meteorological and oceanographic space sensing 
capabilities of the various METSAfS and proposed NOSS spacecraft x<rou?d be 
included. The MOPS approach is to make program arrangements to share usage of 
the appropriate Space Sensors without impacting performance of the prlmar>* 
missions. 


The outstanding feature of this option is the acquisition, distribution, ar»d 
presentation of data from already existing sources. To meet the lew cost real, 
phone lines (in some cases leased lines) would augment the already-built 
communications links of the parent systems, providing low rate data to multiple 
user terminals within the MOPS network. These terminals could ba graphic plottc-.-:-. 
for examplS, located in the numerous Coast Guard OSC (On Scene Coordinator) 
of fleas and in Washington (National Response Center). Thus, at minlmtim expense, 
available data for pollution response activities would be rapidly provided 
to the primary user in the field, with some flexibility in presentation of the 
data and mobility in placement of the data terminals. 

5. 3. 2. 6 Option VI i No MOPS-Specific Modifications (Reference r'igute 5.3-8) 

Option VI is the no cost future baseline. Surveillance and monitoring capabilities 
will be provided as presently planned by Coast Guard remote sensing aircraft and 
^®^fdln planned and proposed spacecraft. The frequency and breadth of coverage 
will be significantly less than with any of Options I through IV. 
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4 PRESENT PtANNlNG LEADS TO LITTLE DIRECT MISSION SUPPORT FROM SPACE; 

- SOME FOR Meteorological and oceanograpiRc input data (for models) 

• almost none for pollution situvEillance and monitoring 
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« OCEAN POLLUtlON INFORMATION EXTRACTION SOFTWARE DEVELOPMENT IS RADLY NFPnpn 
AND V/ILL lag with NO DIRECT MOPS FUNDING ' 

Figure 5.3-8# No Cost /No MOPS Modifications - Option VI 

The lack of frequent, synoptic imaging, capability that has precluded more 
than occasional surveillance of the current Gulf of Mexico oil well MtM-.’-out 
(TXTOG I, beginning June 1979') v7o«il<l continue under this option. 


iiiy, Lca.i * ocoanoc. 




Furthermore, the disaggregated data soureee. (me 
ecological) available for use in fatt? and Impact models would not havt' the 
benefit of the common archiving and distribution provld.sl under the several 
proposed MOPS data processing system options. 


RF.LATtVK COST ANT) F FFFGT l VHXF.gg ot^;v^nMj'PTI 0-;S 
Having defined several dlser.-t.' system n-x and eapab ' 1 i t y ept iens and 
a sot of structured scenarios within whieh diilerent elements ei ea. h e>M i. • 
play their parts, "serai-quant i tat iv.’" 


the ept lene. ums pt*r‘ m*** mI, 




5.4.1 fiPStCTiVENESS SCORING MEtHODOtOGf? 



In addressing th6 effectiveness of each option, a number of performance criteria 
were considered, two slightly different ways of approaching petfonhance were 
settled upon: 

o Parametric Support, using relative satisfaction of petfonaance parameters 
Such as spatial resolution and frequency of data acquisition. 

o Mission support, estimating each option's performance in the context of 
the scenarios previously defined. 

Using a scale of 1 to 10 — ranging from almost no satisfaction (1) to full 
satisfaction (10) of the criterion or scenario sub-missions — a subjective 
score for each option vis-a-vis each of the criteria or scenarios was established. 
Table 5.4-1 presents these scores, together vrith the two effectiveness totals 
(Parametric and Mission Support). Each option’s total scores have been normalized 

TABLE 5.4-1. RELATIVE SCORE OF SYSTSli OPTIONS 
omoM ^ 
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♦ S’ or catTsof A scowr s minus option vi sum 

•• SUM or SCSNAniOSCOOES MINUS OPTION VI SUM 
•••OTO: rOLLUTAMTSOTHPR THAN OIL 
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by subttdctlng out the no systera/no cost (Option VI) scores 


5.4.2 RELATIVE COST SCORING METHODOLOGY 

Similarly, a relative cost score for each option was estimated. Tlie cost 
estimating process addressed only major costs incremental to the Option VI 
(no cost) baseline. Moreover, emphasis was placed on the relative rethcr 
than absolute level of these costs across options. The elements costed were 
an option-specific set selected from the following listt 

a. Added platforms 

b. Platform modifications 

c. Added Sensors 

d. Sensor modifications 

e. Major operations and maintenance increases 

f. Data processing hardware and software 

g. Communications links 

h. Information extraction R&D 

i. Hardware R&D 


Option IV costs, for example, are driven by items a, c, d, and e. Option I, 
on the other hand, has items c, d, and f as the major cost drivers. 


The resulting relative cost scores are displayed at the hotter c' Table 
as the estimated costs over and above the baseline (Option W; n •'mnlir.ed by 
the *' full-up” space/air system (Option 1) cost. 


5.4.3 DISCUSSION OF RESULTS 

Concerning the precision of scores shown in Table 5.4-1, it is .'■•ltnovrlcdy,od t’.'.ai 
(1) there are numerous non-trivlal assumptions which underlie tw ot-' oe ^ ’- 's;- 

score and each relative cost, and (2) we are quantifying systcr. . o' l 

extending a dozen years into the future on which even prcllmit .Ii s i vi ‘- haw 

not been established for some of the system elements. Tn liuht r' L'.iis. the 
numbers are used in a relative rather than absolute sense, i'emore, 

the study’s conclusions and recommendat ii'ns (covered funu 'lou' Jus inal 


Report) wete strived at by the study process rather than application of cost 
and effectiveness scores. On the other hand. It Is noted that these scores 
support the other sections* comclusions. More than that, they add the strength 
of relative numbers to certain system option comparisons: 

o Whether viewed In terms of parametric performance or capability to support 
the several scenarios, the effectiveness scores for each option are 
virtually the same. 

o The medium resolution multiple sensor option (ll) Is attractive, since It 
is only slightly less effective than the high resolution option (I) while 
it is significantly less costly than Option 1. 

o Option IV, which calls ott a relatively narrox^ coverage capability platform 
(aircraft) to play the wide area coverage role (through a large fleet sire) , 
is both the most effective (slightly) and most costly (exorbitantly) option. 

o At the other end of the capability scale, Option V yields relatively low 

effectiveness for much lower costs than the high capability systems (Options I 
through IV). By design, it yields slightly improved support from existing 
and planned systems at a modest cost. 
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VPPENDIX A - A COASTAL COVERAGE COMPUTER SIMULATION 

KPPENDIX B - A COMPARISON OF TIME STEPS FOR OIL SPIU 
MNITORINO IBY DR. PETER CARMILLON AND KURT HANSEN. 
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LPPENDIX C - PASSIVE REMOTE SENSING OP OFF-SHORE POLLUTANTS 
SUBCONTRACT REPORT BY TETRA-TECH.. INC.) 



itfMiffitX A: COAStCOVBR — A COASm COVfiRAGfi COMPWSIt StMWLAllCW 

t. fSOGftAM LlSTtNC (FOAtRA». IV) 


IOC PROGRAM-COAStCOm 

20C 

30C 

40C tttlS PROGRAM CALCOUtBR tHE tAtIfODE AMD tORGItOEB OP POIRtS ALONG 
50C tRE UPPER AND LOWER EDGEE OP A SWAttt SEER St A SAtELLltE IRAN EARtR 
60C ORBll. tRE WlfitR OP THE SWAtH IS SPECIFIED St AR ELEVAtlOR ARGLEs 
roc AR OBSERVER OR EARTH WOULD BE IR THE SWATH IP HE COULD SEE THE 
80C SATELLITE WITHOUT LOOKING BELOW THE ELEVATION ANGLE. THIS PROGRAM 
90C IS DERIVED FROM THE DK9 PROGRAM AND MOST OP THE INPUTS ARE THE SAME. 
lOOC THIS VERSION OP COASTCOVER COMPUTES THE SURFACE AREA DEFINED WIMIN ORE 
HOC OP SEVERAL CLOSED COASTAL ZONES THAT IS COVERED AT EACH CROSSING OP 
120C THE SPACECRAFT SENSOR GROUND SWATS. 

130C 

140C 

130C THIS VERSION USES METRIC IRPUT/OUTPUT* ENGLISH UNITS IRTERRALLt* 

160C 

HOC 

ISOC 

190C INPUTS} 

200C A,E,INC,WPZER0*PSIZER0,DEL-T»NDT : SAME AS FOR DR9 
210C SELEV : ELEVATION ANGLE AS DESCRIBED ABOVE (DEGREES) 

220C LATOLD ; A DUMM? LATITUDE THAT TELLS THE PROGRAM WHETHER THE SAT- 
230G IS GOING NORTH OR StlUXH. P IT IS HEADING NORTH, LATOLD 

240C SHOULD BE SOUTH OF ?HE STARTING LATITUDE; IP IT IS HEADING 

250C SOUTH, LATOLD SHOULD BE NORTH OF THE STARTING LATITUDE. 

260C 

270C OUTPUT: 

280C LATUP,LONUP : LATITUDE AND LONGITUDE OP POINTS ON THE UPPER EDGE 
290C OP THE SWATH 

300C LATL0W,L0NL0W : LATITUDE AND LONGITUDE OP POINTS ON THE LOWER EDGE 

3 IOC OF THE SWATH 

320C 

330 REAL LATCUR.LONCUR, LATOLD ,LATUP,LONlTP,LATLOW,LONtOW 

340 REAL LATOPO,LONUPO,LATLOO,LONLOO,LATUPI,LONUPI,LATLOI,LONLOI 

350 DIMENSION WBDO(24,13) ,WBDI(24,13) ,EBDO(24,13) , EBDI(24,13) 

360 COMMDN NUMW,NUME,SSLAT,SSL0NG 

370 COMMON NEX,NWX,NEt,NWt,NEZ,NWZ 

380 COMMON SLOPSW,CEPTSW,SLOPSE,CEPTSE, SLOPAV , CEPTAV 

390 COMMDN SEBW,SEBE,SWBE,SWBW 

400 CHARACTER ALPHl*6, ALPH2*6, ALPH3*6, BET1*6, 

4104 BET2*6, RET3*6, GAM1*6,GAM2*6,GAM3*6 

420c 

430 RE-3444. 

440 PI-3.1415926535 
450 CJ-1.62405E-3 
460 R-180./PI 

470 CONVRG-.OOOl 

480 WE-.2506844773 

490 GMU-2.25901E8 

500C ******** 

5 IOC PRINT , "A ,E , INC , WPZERO , PSIZERO ,DEL-T , NDT" 


520 C tnm ttifi mwwR ot ims is BotmuAW tASLt 

530 D0 999 111*1,4 
540C ABA0,StMW,StJ»te,ttM5WA 
550 BBAD,SWS,St]ME,ACtSWA 
560C IffBOt WfiST flOWttJABlES 
570c 

580c SBi) tS WESt BOONDARt 
590C. J-I IS LISE SOMBER 
600C J*2 IS LAtlflJOE 

610C >3 IS LOSGltODE 

620C 

630 DO 28 S*1,SUMW 

640 READ, (WBDO(S,J), J«l,3) 

650 28 COSTISOE 

660 DO 27 N»l,NtJMW 

670 DO 26 J«l,3 

680 tfflDI(S*J)«WBDO(S*J) 

690 26 CONTISUE 

700 27 COSTISOE 

7 IOC 

720C CALCOLAIE SLOPES AND iSTERCfiPTS OP BOOSDA&Y SEtaffiSTS 

730 DO 25 S«l,SOMW 

740C 

7S0C SBDO(S,4) IS TSE SLOPE 
760C 

770 SBDO(S,4) * :SBDO(S*2) - SBDO(Sfl*2))/ 

780 & (W8DO(N,3) - WBD0(1H-1,3)) 

790 IP(S.EO.SOMW) WBD0(S,4) -0.0 
800 WBbI(S,4)-SB00(N,4) 

810C 

820C W!©0(S,5) IS THE Y INTERCEPT OF THE BOONDAR-f 

830 WBDO(N,5) » WBDO(S,2) - WBDO(N,4)*WBDO(S,3) 

840 IF(S.EQ.SDMW) WBDO(S,5)«100.0 
850 WBDI(N,5) • WBDO(S,5) 

860 25 COsnSUE 

870C 

880C 

890C INPUT EAST BOUNDARIES 

900C 

9 IOC eBdo is east boundary coordinates 

920C 

930 DO 30 N-1,NUME 

940 READ, (EBD0(N,J), J-l,3) 

950 30 CONTINUE 

960 DO 35 N-l.NUME 

970 DO 34 J-1,3 

980 EBDI(N,J) - EBDO(N,J) 

990 34 CONTINUE 

lOOO 35 CONTINUE 

lOlOC 

1020C EBDO (K, 4) IS THE BOUNDARY SLOPE 

1030C 

1040 DO 32 K-l,NUME 

1050 EBD0(K,4) - (ESD0(K,2)- EBOO(K+1,2) )/ 

10604 (EBDO(S,3) - EBDO(K+l,3)) 



1070 tf (R.BQ.KtWE) fi«>0(K.4) - 0.0 
1000 Rfil)l(R«4) - EH0O(K,4) 

lOOOC fi«)0(R»5) IS Tllfi Y IKffiRCfiW OF JfflE-AOCNOASY. 
IIOOC 

1110 EBD0(K*5) - E«J0(R,2) - fi80O(K,4)*ES00(R*3) 

1120 . IF(R.fiQ.RUHE) E8i)0(R,5)-100.0 




1130 EB1)1(K,5) - EBOO(K,5) 

1140 32 COfItlimE 

llSOC 
11600 
1170c 

1180 I RE4Ei,AHET,E,Xl,WF2,Fgl»TLIM 

1190 READ,tAtOLD 
1200 A»AMEY/1.852 

12100 EirtER BOtJNOARIES OF ftfiOlOH tO BE SWATHED 

1220 READ,tO?,B0T*EAST,ttEST 

12300 ENTER fiVEVATlON ANGLE 

1240 2 CONTINUE 

1250 READ*SfiLEVO,SELEFl 

1260 IPRNT-3 

1270 POINf-0.0 

1280 SELEFO * SELEVO/R 

1290 SELEVI - SELEFI/R 

1300 3 t»0. 

1310 ACCUM - 0.0 

1311 TACCMB-O.O 
1320 VJP^WFZ 

1330 ELNGND-PSI 

1340 EMM-0. 

1350 XI^«S0RT(GMD/A**3) 

1360 D-(A/RE)*(1.-E*E) 

1370 OMEGN— 2.*PI*CJ*C0S(XI/R) 

1380 0MEGP«PI*CJ*(4.‘-5.*SIN(X1/R)**2) 

1390 0!iGD0T»R*0MEGN/D*’*2 

1400 WPD0T-R*0MEGP/D**2 

1410 TMINS«2.*P1*SORT(A**3/GMO) 

1420 DT«*TMINS/180.0 

1430 D0MG-DT*0MGD0T/TM1NS 
1440 DWP-DT^WPDOT/TMINS 
1450 PRINT 103 

1460 PRINT," T (MIN) OMGDOT(DBG/DAY) WPD0T(1)BG/DAY)" 

1470 PRINT, TMINS.OMGDOT* 1440. /TMINS,WPD0T* 1440. /TMlNS 
1480 PRINT 103 
1490 4 WR1TE(6,205) 

1500 205 F0RMAT(1R1,2X,4HTIME,5X,7HTR AN0M,4X,3HLAT,4X,4NL0NG,8X, 

15106 8HVELOCITT, 

15206 5X,5HSELAT,5X,6H SEL0N,5X,6H SWLAT,4X,7H SWLON ,2X, 

15306 8HA-WEST ,8NA-EAST ,4X,8H ACCUM ///) 

1540 PRINT, ‘’OUTER ELEVATION ANGLE IS ",R*SELEV0 

1550 PRINT, "INNER ELEVATION ANGLE IS ",R*SELEVI 

1560 5 CONTINUE 

1570 DOMG-DT*OMGbOT/tMINS 

1580 DWP-DT*0MGD0T/TMINS 

1590 EMM-XMM*T 

1600 ECCO-EMM 


331 


UlO $01 SeC«£MMffi*StK(eCCO) 
i «20 tf(m (Ecc-ficco) -come) $03 .$ 03*902 

1630 $02 ecco-ficc 

1640 eo to 901 

1650 903 tBt2*AtA»(90!lt(a.+E)/a.-E))*t4»(ECC/2.)) 

1660 TfiEfA»2.*tBt2*R 

1670 tf(tttElA.Lt.O.) tBEtA-tttEtAfSeO. 

1660 f«A«(l.^fi*E) 

1690 CTK*COS(2.*THt2) 

1700 *AD*t/a.+E*Ctfl) 

17 10 t0DOT*R*SORt ((a©/P»*3) * ( 1 .4E4 CtH) 4«2 

1720 THlDD*R*(-2.*GM0*E*6tR(2**fflT2)/RAD»*3) 

1730 VS0-(a«J*(2./RAD -l./A) 

1740 VSChVSCH‘.0l 

1750 V*SQRfO«Q) 

1760 VROR»RAO*TflDOf/R 

1770 mRf-S0Rt(VSQ-VHOR*VHOR) 

1760 tf (tttBTA.et.l80.)V1;ERT— l.*WERf 
1790 GA»*R*ARSlll{WERt/V) 

1800 V«V*6076. 115/60. 

1810 Vi«0.3048*V 

1820 fttl«ttPftttEtA 

1830 SSLAt»R*ARSW(SlR(Xl/R) *Sllf(m/R) ) 

1840 X*C0S(RH1/R) 

1890 Y*-Sl«(m/ft)*COS(Rl/R) 

I860 2*St«(RHl/R)*SlN(Xl/R) 

1670 SSLOHB* ELNG«D-«E*f+AtA!l2(Y,X)*R+U40. 

1880 NRfiV-SSLONG/360. 

1890 SSL0tJG-SSL0RG-360.4l<REV 

1900 495 dORtiWJE 

1910 496 COmjfOE 

1920 905 COfftlNtJE 

1930c 

1940C 

1950C fESt RRBSERt ROSItlON AGAlNSt BOUNDY OF AREA OF IStERfiST. 

1960C 

1970C 

1980 IP(SSLAT.Lt.80T.OR.S8LAf.Gfi.tOF) GO TO 899 
1990 1F(6SL0 NG.LT.WEst. 0R.SSL0!IG.GT.EAST) GO to 89$ 

2000C * * * k « 

2010C StJBROUTlNE SWATH CALLED HERE 

2020C « * * A a 

2030C CALCOLAtE THE SWATH WIDTH 


2040 

SWDTRO « ARCOS( (RE/RAD )AC0S(SELEVO))-SELEVO 


2050 

SWDTHO - SWDTHOAR 


2060 

SWDTHI - ARCOS( (RE/RAD) *C0S(8ELEV1))-SELEVI 


2070 

SWDTHI - SWDTHIAR 


2080 

WIDEO«(SWDTHO/360.0)A40075.0 


2090 

WlDEl- ( SWDTHI / 360. 0) *40075 . 0 
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2100 tJf-fttlff8/3e0*0 
2110 tJ0»5-11lT«(JMBtl(rt/tMl?lS 
2120 Bt«-6t*Wlf01/tMlKS 
2130c ** ** ** ** ** 

2140 CAtL 8trAtM(8SLAt*S9LONG,tAtOLD«8T«ltttO, 

2130 A UTOPO,LO!lOl»0,LATtOO.LOIILOO,Xl) 

2160 CALL SWAtH(SSLAT,8SL0MG,LAT0LD,SWDTHl*LAWPt* 

2170 & L0m»l,LAfL0l,L6«L01,Xl) 

2180C 

2190C DfiPlUE tHE LAI AI«) LOHG* OF SWATtt ENOS. 

2200C 

2210C 

2220C se M8ASS EASt E!J0 OF TttE SWAttt, SO SELO« IS THE 

2230C THE LOKGlttlDE OF TttfiEASt EDGE OF THE CURftE!lT SWATH POIHT. 

2240C SW IS THE WEST EDGE OF THE SWAtft, ETC. 

2250C 

2260C 

2270C 

2280 SELOSO - AHAXl(LO!JUFO,LOHLOO) 

2290 SELOSI « AMAXl(LOHtJPI,LONLOI) 

2300 SWLONO - AlttHiaOimFO.LOSLOO) 

2310 SWLOHl - AMtHKLONDFI.LOtlLOt) 


2320C 

2330 

2340 

2350 

2360 

2370 

2380 

2390 

2400 

2410 

2420 

2430 

2440 

2450 

2460 

2470 

2480 

2490c 

2500C 

2510C 

2520C 

2530C 

2540C 

2550C 

2360C 

2570 

2580 

2590 

2600 

2610 


tSEO - 100*SELOHO 
ISEl * 100*SEL0«1 
ISWO » 100*SWLOHO 
iswi - ioo*s'(a.oHi 

StJPO - 100*LOHUPO 

NUPI •» 10O*LONtIPl 

LOWO - 100*LONL0O 

LOWI » 100*LONL0I 

IF(ISEO.EQ.NUPO) 

IF(ISEI.EO.OTJPI) 

iF(tSEO.EQ.LOWO) 

IF(lSEI.EO.LOWl) 

IF(lSWO.EQ.HtlPO) 

iF(ISWl.EQ.NtJPI) 

IF(lSWD.EQ.LOWO) 

iFdSWl.EQ.LOWI) 


SELAT0«LATDP0 

SELATI-LATDPl 

SELATO-LATLOO 

SELATl-LATLOI 

SWLATO-LATOPO 

SWLATl-LATUPI 

SWLATO-LATLOO 

SWLATl-LATLOl 


HE AHD NW are LINE NUMBERS * EAST Oft WEST, THAT DEFINE 
LATITUDE AND LONGITUDE IN THE BOUNDARY TABLE. 

X IS WEST EDGE OF SWATH 
Y IS CENTER OF SWATH 
Z IS EAST EDGE OF SWATH 


DO 40 N*1,NUMW 

IF(SWLATO.LT.WBDO(l,2)) NTCC-O 
IF(SWLATO.GT*WBDO(N,2 ). AND. SWLATO.lt .^ reDO(N+l *2)) NWX-N 
IF(SWLAT0.GE.WBD0(NUMW,2)) NWX-NUMW 
40 CONTINUE 


33'5 


2620C 

2630C 

2640 BO 41 JR-l.MtJME 

2650 IF(0WLATO.LT.EB0oa,2)) NfiC-0 

2660 W(S«LATO.OT.ESI)0(JK,2).Airo.St-JtATO.IiT.ElJDO(JRfl,2)) 

2670& NE3C-JK 

2680 lF(8»JLAt0.GT.El©0(N0ME,2)) NEX**!!^!^ 

2600 41 COUtINtJE 
2700C 

2710 CALL EDGE(t7BDO,EBDO,NEX,NWX,St*rt.AtO,8t-JBE,SWBW) 

2720C 

2730C 

2740 DO 42 K«1*WDME 

2750 IF(SELAT0.tT.EBD0(l,2)) NE2-0 

2760 lF(SELAT0.GT.EBD0(K*2).AtlD.SEI.AtO.tT.EBD0<K+l,2)) UE2»K 
2770 IF(SELAT0.GE.EflD0(NlJME,2)) NEZ»»ITUTTE 
2780 42 CONTtNtlE 

2790C 

2800 DO 43 JlL-l,mJMW 

2810 1P(SELAT0.LT.WBD0(1,2)) tn-7Z»0 

2820 tP (SELATO .Gt .^M)0 ( JIL , 2) . AlTD . SEt .ATO .I.F - THH) 0 ( JlL+ 1,2)) 

28306 NVZ-JlL 

2840 IF(SELAT0.GT.WBD0(NUHW,2)) 

2850 43 COSTINDE 

2860C 

2870C 

2880 CALL EDGE(ttBDO,EBDO,NEZ,NWZ, SELATO, SE!3E,SEBW) 

2800 DO 45 JIM- 1, NOME 

2000 IF(SSLAT.LT.EBD0(1,2)) NEY-0 

2910 IF(SSLAT.GT.EBD0(JIM,2).AND.SSLAT.LT.ESD0(J1M+1,2)) 

29206 NET- JIM 

2930 1F(SSLAT.GE.EBD0(n0ME,2)) NEY-NOME 
2940 45 CONTINUE 

2950 DO 49 JA*1,NUMM 
2960 1F(SSLAT.LT.WBD0(1,2)) NWY*0 

2970 IF(SSLAT.GT.WBD0(JA,2) .AND.SSLAT.LE.WBD0(JA+1,2) ) 

29806 NWY-JA 

2990 IF(SSLAT.GT.WBD0(NUMW,2)) NWY-NUMW 

3000 49 CONTINUE 

3010C 

3020C 

3030 CALL EDGE(WBDO,EBDO,NEY,NWY,SSLAT,SSBE,SSBW) 

3040C 

3050C 

3060C 

3070C 

3080 GO TO 333 
3090 331 CONTINUE 

3100C WRITE(6.201) 

3110 WRITE(6*103) 

3120c WRITE(6,202) SEBW,SEBE,SELONO,SELATO,N3,N4,SLOPSE.CEPT8B,FRACE 

3130C WRITE(6,202) 8SBW,S8BE,8SL0NG*S8LAT,NWY,NEY,SL0PAV,CEPTAV,88L0NG 

3140C WEITE(6,202) SWBW,S17BE,SWL0N0, 8WLAT0,N1 ,N2,SL0P8W,CEPT8W,FRACW 

3150C 

3160 GO TO 63 
3170 333 CONTINUE 




3180C 

3190 

3200 

3210 

3220 

3230 

3240 

3250 

3260 

3270 

3280C 

3290 

3300 

3310 

3320 

3330 

3340 

3350 

3360 

3370C 

3380 

3390 

3400 

3410 

3420 

3430 

3440 

3450 

34606 

3470 

3480 

3490 

3500 

3510 

3511 
3520 
3530 

3540 

3541 

3542 

3543 
3550 
3560 
3570 

3580 

3581 
3590 
3600 
3610 
3620 


lf(S£LOKO.G£.S£Bfi.ANO.SELO)IO»LT.SEBW) GO tO 61 
IF(SSL0NG.GE«SSBe.Ain>.SSL0NG.LT.8SBW) GO TO 61 
IP(8WLONO.GE.SWBE.AND.SVLONO.tt.8tofiW) GO TO 61 
IF(SELONO.GE.SEBW.Ain).SELONO»LE.SEBE) GO TO 61 
IF(SSL0NG.GE.SSBW.AM0.S8LONG.LE.8SBE) GO TO 61 
IFCSWLOKO.GE.SWBW.AMD.SULOIfO.LE.SWBE) 60 TO 61 
IF(SHLOBO.GE.SWBtf.AND.SELOKO.LE.SEBE) 60 TO 61 
tF(SSLAT.6T*B0T.0R.SSLAT.LE.T0P) 60 TO 61 
IF(SSLONG.GT.«EST*Oll.SSLONG.LE.EAST) GO TO 61 


AEASTO • 0.0 

AEASTl-0.0 

AtiEStO-0.0 

AWESn-0.0 

PWESTO-0.0 

PWESTI-0.0 

PEASTO-0.0 

PEASTI-0.0 

GO TO 63 
61 OONTlHtJE 
DT-TMINS/720.0 
DOMG-DT*0MGDOT/TMlNS 
DWP«DT*WPDOT/TMINS 
** ** ** ** ** ** 

IF(IPRNT.EQ.2) WRITE(6,205) 

1F(IPRNT.EQ.2) WRITE(6,200) T,THETA,SSLAT*SSL0HG, 
v,selato,selono,swlaTo,swlono,slopsw,slopse,dt*iooo. 

CALL APEACraDO.EBnO, SELONO, SELATO, S^ONO, SWLATO.FtlACEO, 

6 FRACWD,inO,N20,N30,N40) 

CALL ARE ^ (WBDI , EBD I , SELONI , SELATI , SWLONI , SWLATI , FRACEI , 

6. FRACWl,Nll,N2I,N3I,N4I) 

ACTEO-FRACEO*WlDEO 
TOTEST-AMIN 1 (ACTED .ACTSWA) 

ACTEI*FRACEI*WIDE1 
ACTENT-ACTEO-ACTEI 
ACTWO-FRACWO*Wll)EO 
TOTWST-AMINI (ACTWO.ACTSWA) 

COMTOT-TOTWST+TOTEST 
CMBTOT-AMINl (COMTOT,ACTWA) 

ACTWI-FRACWI*WIDEI 
ACTiWT-ACTWO-ACTWI 
tP(ACTENT.LT.O.O) ACTENT-O.O 
IF(ACTV»NT.LT.0.0) ACt«HT»0.0 
IF(CMBTOT.Lt.O.O) CMBTOT-0.0 

WRITE (6,222) FRACE0,WI0E0,ACTE0,FRACEI,W1DE1.ACTEI*ACTENT 
WRITE (6,223) FRACWO,WIDEO*ACtWO,FRACWl,WIl)EI,ACTWI,ACn«T 

222 FORMAT (34HEAST FRACTIONS AND COVERAGE ARE ,7(F7.3,3X) , /) 

223 FORMAT (34Wrt: ST FRACTIONS AND COVERAGE ARE ,7(F7.3,3X) , /) 




3630C 

3640C 

36S0C 

3660C 

3670C 

3680C 

3690C 

37O0C 

3710 

3720 

3730 

3740 

3741 
3750C 
3760 
3770 
3780 
3790 
3800 
3810 
3820C 
3830C 
3840 
3850C 
3860 
3870C 

3880 

3881 
3890 
3900 
3910 
3920 
3930 
3940 
3950 
3960 
3970 
3980 
3990 
4000 
4010 
4020 
4030 
4040 
4050 
4060 
4070 
4080 
4090 
4100 
41 IOC 
4120C 
4130 


IFaii<(SWA.EQ.2) FLIM-S80./600. 

tIM V IS INFUT DAtA TO DEFINE IF SWATH WIDTH IS LIMITED 

lFaiH8WA.NE.2) FLIM-l.O 
IF(FftACE.GE.ILIM) FttACE«FLIN 
IF(FRACW.6E.FLIM) FRACW^FLIH 
CONST *i (8WIDT.1/360.0)«40.0751*(OT*60.0)*V/1000.) 

AEAST - FRACE*C0N8T 
IF (ACTENT.GE.ACtSWA) ACTENT - ACTSWA 
IF (ACTWNT.GE.ACtSWA) ACTWNT - ACTSWA 
AEAST ■ (ACrBNT/1000.)*(DT*60.0)*(V/1000.) 

AWEST - (ACrWNT/1000.)*(DT*60.0)4(V/lOOO.) 

ACMTOT-(C«BTOT/ *000. )*(DT*60. )^(V/ 1000. ) 

AWEST - FRACW*CONSt 
PEAST-0.0 
PWEST-0.0 

IF (AEAST.GE. AWEST) PEAST^AEAST 
IF(AEAST.LE.O.O) PEAST-0.0 
IF (AWEST.GT .AEAST) PWEST-AWEST 
IF (AWEST .LE. 0.0) PWEST-0.0 
WIDE-(SWIDTH/360.O)*4OO75.O 

GO TO 331 

63 CONTINUE 


ACCDM-ACCOM + AWEST +AEAST 
TACCMB-TACCMW-ACMTOT 
TOTW-TOTW+AWEST 
TOTE-TOTE+AEAST 


PCCUM-PCCUM + AMAX1(PWEST,PEAST) 
POINT-POINT + AMAX1(PWBST,PEAST) 
IP(SSLAT.GT.LATOLD) BET2-”ASCEND” 
IF(SSLAT.LT.LATOLD) BET2-'*DESCEN*‘ 
ALPH1-*'TIME” 

ALPH2-*'0MEGA” 

ALPH3-”W1DTH” 

SETl-”WEST” 

BET3-”EAST‘' 

0AM1-”WEST*’ 

GAM2-”SSAT” 

GAM3-”EAST*' 


IF(NIO.GT.O) 

IF(NIO.EO.O) 

IF(N20.GT.O) 

1F(N20.EQ.0) 

1F(N30.GT.0) 

IF(N30*E(>.C) 

1F(N40.GT.O) 

IF(N40.EQ.O) 


CUT1-WBD0(N10,12) 

CUTl-SOTW 

CUT2-WBD0(N20*13) 

CUT2-SWBE 

CUT3-EBD0(N30,12) 

CUT3-SEBW 

CDT4-EBD0(N40,13) 

CUT4-SEBE 


IF(1PRNT.LE.2) 


4U0& 

4130& 

4160C 

4170 

41804 

4140 

47.004 

4210 

47.204 

4231 

V230C 

4260 

42704 

4230C 

4290 

42004 

4310 

43204 

4330 

4331 
4340C 
4350c 
4360 
4370C 
4330C 
4390C 
4400 
4410 
4420 


imiTE( 6 . 200) T, THETA* S SLAT, 8SL0NC , V, SELATO, SELONO, SMLATO.SWLONO, 
AHEST,ABAST,ACarM 


iti..- -M j pagr is 
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^JRITE( 6*220) ALPHl ,T , BETl , 8WLONO , SWLATO ,N 10 .COTl ,N30 , C0T3 , 
PRACHD.AHEST, GAMl ,TOTW,PWEST 
WmTE(6 ,220) ALPH2 ,THETA,BET2 , SSLONC , 8 SLAT ,NWT , S SBW, 

NET , 8 8BE , 8 SLONG , ACOm , 0AM2 , ACCOM , PCCim 
HaiTB(6,220) ALPH3,W115EO,BET3,SaONO,8ELATO,N20,COT2, 
N40,CUT4 ,FRACEO, AEASt ,GAM3 ,T0TE,PEAST 
tffilTE(6,203) TACCMB 


220 FORMATdH ,A6,3X,F8.3,2X,A6,3X,2(P8.3,2X),2(I4,2X,F8.3,2X), 
F8.6,3X,F7.2,3X,A6,3X,F7.2,3X,F7.2) 

200 FORMATaH0,F8.2,3X,F6.2,3X,F6.2,3X,F6.2,3X,Fl0.1,3X,4(4X,F6.2), 
2X,2(2X,P6.2),2X,F10.2//) 

201 FORMATdH , 4X, 9HB00ND-W ,4X,9HBOOND-E ,3X,9H LONG , 

3X,9H LAT ,6HNWEST ,6H NEASl ,3X,5nSL0PE,5X,4HCEPT) 

202 FORMATdH ,4X,4(F11.4),2d6),2(2X,F11.5)2X,F7.3) 

203 FORMAT(35HNO BLIND SPOT SENSOR COVERAGE IS ,F9.3,////) 


GO TO 904 

END OF MODIFICATION 

* * : * * 
899 CONTINUE 
ACCOM • 0.0 
PCCOM-0.0 


4430 TOT5^»0.0 

4440 TOTE-O.O 

4450 DT-TMINS/180.0 

4460 D0!1G=DT*0MGD0T/TMINS 

4470 mP=»DT*WPDOT/TMINS 

4480C 

4490 904 CONTINUE 

4500 LATOLD » SSLAT 

4510 ELNGND - ELNGND + DOMG 

4520 WP-W+DW 

4530 IPT-O 

4540 910 T-T+DT 

4550 IF(T.LE.TLIM) GO TO 5 

4560 PRINT 103 

4570 PRINT, ’’AREA ACCUMULATION FOR POINTING SENSOR IS ", POINT 
4580 PRINT 103 

4590C PRINT, "FINISHED? l-YES{ 2-NO" 

4600c 1C0NTI-1,END* IC0NTI-2,NEW ORBIT, ETC. ICONTI-3, NEW SWATH 
4610 READ, 1C0NTI,LIMSWA 
4620 GOTO(999,l,2),ICONTI 

4630 100 FORMAT(F8.2,F9.2,2(F«.2),F10.3,F12.3,F9.3,F8.2) 

4640 101 FORMAT(F8.2,F9.2,F8.2,F7.2,F9.2,F10.2,F9.2,F8.2,I4^ 

4650 102 FORMAT(32X,5(F8.2)) 

4660 103 FORMAT(//) 

4670 909 CONTINUE 
4680 STOP 
4690 END 
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4700C 

4710C 

4720 SUBROUTINE SWATfi(LATCUR,1.0NCUR*LATOLD,8WIDTH,LATUP,LONU?,LATLOW, 
4730& LONLOW,BINCL) 

4740C 

4750C THIS SUBROUTINE TARES THE LATITUDE AND LONGITUDE Of A NADIR POINT 
4760C AND RETURNS THE LATTITUDES AND LOGITUDES OF POINTS ON THE UPPER 
4770c AND LONER EDGES OF A St-JATH SEEN BY THE SATELLITE. 

4780C 

4790C INPUT VARIABLES (NOTE: ALL ANGLES ARE IN DEGREES): 

4800C 

48 IOC LATCUR - CURRENT LATtITUDE OF NADIR 

4820c LONCUR - CURRENT LONGITUDE ” “ 

4830C LATOLD - LATITUDE OF PREVIOUS NADIR POINT 

4840C BINa - ANGLE OF INCLINATION OF THE ORBIT 

4830C SNIDTH - DISTANCE FROM THE NADIR POINT TO THE EDGE OF THE 

4860C SWATH ( IN DEGREES OF ARC ALONG A GREAT CiRaE) 

4870C 

4880C OUTPUT VARIABLES: 

4890C 

4900C LATUP » LATITUDE OF POINT ON THE UPPER EDGE OF THE SWATH 
49 IOC LOtniP - LONGITUDE *’ ” *’ ” " •' " ” 

4920C LATLOW - LATITUDE '* ” ” ” LOITER ” ” " ” 

4930C LONLOW - LONGITUDE ” ” ” ” ” ” ” " " 

4940C 

4950 REAL LATCUR, LONCUR»LATOLD,LATUP,LONUP, LATLOW, LONLOW.NINETY 
4960c 

4970 PI - 3.14159265358979323846 

4980 NINETY •» PI/2.0 

4990C 

5000C FIRST CONVERT ALL THE INPUT' VARIABLES TO RADIANS 
5010C 

5020 LATCUR - LATCUR*PI/180. 

5030 LONCUR - L0NCUR*PI/180. 

5040 LATOLD ~ LAT0LD*Pl/180. 

5050 WIDTH - SWIDTH*PI/180. 

5060 B - BINCL*PI/180. 

5070C 

5080C CALCULATE THE ARCS FOR THE UPPER TRACE 
509 OC 

5100 ANGA • ARSIN(COS(B)/COS(LATCUR)) 

5110 ANGALP - NINETY - ANGA 
5120 POLCUR - NINETY - LATCUR 

5130 POLU? - ARCOR(G')S(OTDTH)*COS(®OLam)+SlN(WIDTH)*SlN(POLCOR)* 

5140& COS(ANGALP)) 

5150 ANG GAM - ARCOS( (COS(WIDTH)-COS(POLUP)*COS(POLCUR) )/ 

51606 (SIN(POLUP)*SIN(POLCUR))) 

5170C 

5180C CLACULATE THE ARCS FOR THE LOWER TRACE 
5190C 
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5200 AUG DEL - ANG A + NINBT? 

5210 FOLLOW • ARCO8(COS(WIDTH)*COS(POLC0lt)+SlN(WlDtH)*StN(POLCtm) 
52206 COS(ANGDEL)) 

5250 AUG Pfll -AROOS((COS(WlDft!)-COS(POLCU!l)*C08(POtLOtt))/ 

52406- (8lN(POtCOR)*8lN(POtLOW))) 

5250C 

5260C CALCOLATE UTttODfi. & LOftGtfODE OF UPPER 6 LOWER tRACE8 
5270C 

5280 iFOAXCUR.LT.LATOtD) GOTO 10 

5290c tOU'RE HERE IF THE 8ATELLITE 18 HEADlHG iWRtH 

5300 LATUP HlNETT * POLUP 

5310 LOrfUP - LOSCUR - ANGGAH 

5320 LATLOW- NlNElY - FOLLOW 

5330 LOFfLOW* LONCUR + ANGPfll 

5340 Goto 20 

5350c 

5360C tOO'RE HERE IF tHE EAtELLItE IS HEADING 80UfH 

5370FIO LATUP - NlNETT - POLUP 

5330 LONUP - LONCUR + ANGGAM 

5390 LATLOW- NlNETt - FOLLOW 

5400 LONLOW- LONCUR - ANGPHI 

54X0C 

5420C CONVERT EVERYTHING BACK TO DEGREES 
5430C 

5440^20 LATUP • LATUP * 180* /Pi 

5450 LATLOW^i LATLOW* 180. /PI 

5460 LONUP • LONUP* 180. /PI 

5470 LONLOW- L0NL0W*l80./PI 

5480 LATOLD- LATCUR*180, /P1 

5490 LATCUR » LATCUR*180./Pl 

5500 LONCUR- LONCUR* 180. /PI 
5510 RETURN 
5520 END 
5530C 
5540C 

5550C THIS ROUTINE TAKES THE LATITUDE OF A POINT, AND FROM THE 
5560C INPUT TABL;LE OF BOUNDARIES RETURNS THE EAST AND WEST 
5570C BOUNDARIES FOR THE INPUT LATITUDE. 

5580C 

5590C 

5600 SUBROUTINE EDGE(WB,EB,NE,NW,XLAT,ELONG,WLONG) 

5610 DIMENSION WB(24,13) ,EB(24, 13) 

5620 COMMON NUMW.NUME 

5630C 

5640 EL0NG-EB(NE,3) + (EB(NE,3)-EB(NE+1 ,3) )/ 

56506 (EB(NE,2)-EB(NE+1 ,2) )*(XLAT-EB(NE, 2) ) 

5660 IF(NE.EO.O) EI.rNG-EB(l,3) 

5670 IF(NE.EQ.NUME) ELONG-EB(NUME,3) 

5680 WLONG - WB(NW»3) + (WB(NT^,3)-WB(NW+l,3) )/ 

56906 (WB(NW,2) - WR(NW+1,2) )*(XLAT - WB(Nt^,2)) 

5700 IF(NW.EO.O) WLONG»WB( 1 ,3) 

5710 IF(NW.EQ.NUMW) WLONG«l-?B(NUMW,3) 

5720 RETURN 
5730 END 


5740C 

5750C 

5760 SttBllOfltlNfi AltfiA(Wfi^EB»SELON,S6LAT»SWLO«,SWLAT,FRACfi,FftACW,!li*W2» 
5770 & N3.K4) 

5780C 

5790C 

5800C fHIS ROWtNE tAKES t«E OOORDtUATES Of A CLOSED ZOUE 
5810C AND THE EOINTS EftOM A CItOtJND fSACE (SWATH) AND 

5820C CALCULATES THE AREA COMMON TO ZONE AND SWATH. 

5830 DlMENStON WB(24.13),EB(24,13) 

5840 COlft©N NOMW,NUME,SSLAT,SSLONG 

5850 COMMON NEX,NWX,NEt,NW1r*NEZ,HWZ 

5860 COMMON SL0ESW,CEPTSW,SL0ESE,C£PTSE.SL0PAV,CEETAV 

5870 COMt-SDN SEBW,SEBE,SWBE,SWBW 

5880C 

5890C REJECT ANt SWATHS COMPLETELY NORTH OR SOUTH OP THE ZONE. 

5900C print, ’’AREA SUBROUTINE CALLED. SSL AT IS ”,SSLAT 

5910 N1»0 

5920 NRl-0 

5930 NRRl-0 

5940 N2»0 

5950 NR2-0 

5960 NRR2-0 

5970 N3«0 

5980 NR3«*0 

5990 NRR3-0 

6000 NA»0 

6010 NR4-0 

6020 NRR4-0 

6030 J1M»0 

6040 JEAN»0 

6050 EDGEl-0.0 

6060 EOGE2-0.0 

6070 EDGE3-0.0 

6080 EDGE4-0.0 

6090 IREW-0 

6100 lREE-0 

6110 FRACE-0.0 

6120 FRACW-0.0 

6130C 

6140 IP(NUME.LE.O) NUME - 1 
6150 IF(NUMW.LE.O) NUMW - 1 
6160C 

6170 SN0R*AM1N1(SELAT, SWLAT) 

6180 SSOUTH-AMAXKSELAT, SWLAT) 

6190 DUMWH » 0.0 

6200 DUMWL-90.0 

6210 DUMEH-0.0 

6220 DUMEL-90.0 

6230 DO 101 MW-1,NUMW 

6240 OUMWL»AMINl(^'m(!<tW,2) ,D191WL) 

6250 DUMWH-AMAX10ra(MW,2),D0MMH) 

6260 101 CONTINltE 
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6270 00 102 NW-l,NtJME 

6260 mJMEL-AMim(EB(NW,2),D0«EL) 

6290 D0MEtt-AMAXl(EB(NW,2),DUMEH) 

6300 i02 CONTtKfOE 

6310 BNOR-AMAXl(DtJHWH,DUMEft) 

6 320 BSOOfft-AMim (OOMWL ,D0M£L) 

6330 lE(SROR.GE.BROft) GO TO 198 

6340 lP(SSOUTH.LE*BSO0Tft) GO TO 198 

6350C 

6360C 

6370C EQUATIONS OP tINES ARE IN TttE FORM 
6380C y - MX +B; WHERE M IS THE SLOPE (SLOP) OF 

639 OC OF THE LINE, AND B IS THE Y INTERCEPT (CEPT). 

6400C HENCE, SLOPSW tS THE SLOPE OF THE SWATH, FROM 
6410C THE CENTER TO THE ^ffiST SIDE. 0, SLOPSE IS THE 
6420C SLOPE OF THE SWATH, FROM THE CENTER TO THE EAST 
6430C EDGE. 

6440C 

6450C THE INTERSECTIONS OF THE SWATH WITH THE BODNDARlT 
6460C LINES ARE COMPUTED AND STORED IN THE BOUNDARt 
6470C TABLES IN COLUMNS 7,8,9 FOR t^EST INTERSECTIONS, 
6AS0C AND COLUMNS 9,10,11 FOR EAST INTERSECTIONS. 
6490C EACH SET IS LATITUDE, LONGITUDE, AND ’’FLAG" 
6500C FOR EACH LINE OF THE INPUT BOUNDARY TABLE. 

65 IOC 

6520 SLOPSW « (Sl^LAT-SSLAT)/(SWlON-SSLONG) 

6530 CEPTSW « SWLAT - SLOPSW^S^JLON 

6540 SLOPSE “ (SSLAT - SELAT) / (SSLONG-SELON) 

6550 CEPTSE - (SELAT - SL0PSE*SEL0N) 

6560 SLOPAV » (SWLAT-SELAT) /(S1H.ON-SELON) 

6570 CEPTAV » SELAT - SLOPAV*SELON 

6580C 

6590 DO 100 JO»l,NUMW 
6600C 

6610C CHECKING FOR PARALLEL LINES! 

6620c 

6630 K-0 

6640 WB(JO,12)-0.0 

6650 WB(JO,13)«0.0 

6660C 

6670 IF(ABS(SLOPSW-WB(JO,4)).LT.0.01) K-l 

6680 IF(K.EO.l) WB(JO,7)-350. 

6690 IF(K.EQ.l) GO TO 50 

6700 WB(JO,7) - (WB(J0,5)-CEPTSW>/ 

67104 (SLOPSWMTO(JO,4)) 

6720 50 CONTINUE 

6730 lF(ABS(SLOPSE-WB(JO,4)).LT.O.On K-2 
6740 1F(K.EQ.2) WB(JO, 10)»350. 

6750 IF(K.E0.2) GO TO 51 

6760 IH»(J0,10) - (X'7B(JO,5)-CEPTSE)/ 

67704 (SLOPSE-WB(JO,4)) 

6780 51 CONTINUE 

6790 WB(JO,6) - WB(JO,4)*WB(JO,7) +WB(JO,5) 

6800 WB(JO,9)- WB(JO,4)*i;R(JO,in) +WB(JO,5) 
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6d20 ( 

68306 
6840 
68S0C 
6860 : 
68706 
S830 
5890 
6900 
6910 
6920C 
6930 C 
69406 
6950 

6960c 

6920 

69806 

6990 

7000 

7010 

7020 

7030 ] 

7040C 

7050 I 

7060 

7070 

7080 

709 OC 

7100 

7110 

7120 

7130 

71406 

7150 

7160 

7170 

7180 

7190 

72006 

7210 

7220 

7230 

7240C 

7250 

72606 

7270C 

7280 

72906 

7300 

7310 

7320 

7330 

7340 

7350C 


CALL ?LAG(W8(J0,2)*W8(J04)*WB(>IO+l*2)*ia(J0+l,3)* 

1»(J0.6) ,lrt(J0<7) ,ttS(J0*8) ) 

If O#B(JO,8).Gt.0.0) E068l-«B(JO»8) 

lF(t«(JO,8VGE.SllLON.Altt).WB(JO,8) .Lfi.SSLOtlG) 
tffl(JO,12)»WB(JO,8) 

IF (ira ( JO , 12) .Gt . 0 . 0 .A!ft) .N 1 .EQ 

IFW(JO,12).Gt.O.O.AND.!tl.GT.O.Al<D.Nl.LT.JO) MRWO 
IF(tiB(JO,12)4GT*O.O.AND.NRl.GT.O.AND.!mi.Lf.JO) HRRWO 

lF(NR!U.GT.O) WkItE(6,500) imRl,l^B(JO,6),W8(JO*7) 

CALL FLAG 0^8 (JO, 2) ,Wft(J0,3) ,W8(JO+l,2) ,^(J0+1,3) , 

1^B( JO, 9) ,WB ( JO, 10) ,«B ( JO, 1 1) ) 

IFC^8(«7O,ll).Gt.0.0) EbGE2'»tJ3(JO,ll) 

lF(t^8(J0, 1 1) .GE.SSLOUG.ANO.inK JO, 11) .LE.SELON) 
lTO(JO,13)«tra(J0,ll) 

IF (1^3 (JO *13) .GT.0.0.AND.N2.E0.0) H2«*J0 

IF His (JO ,13).GT.0.0 *KS(b .N2 .GT . 0 » AHO •02 .LT. JO) NR2» JO 
IF(1-IB( Jo, 13) .Gl.O.O»ANt)«N112.GT.O.AHl)*l}Il2»LT*JO) NRR2«*J0 
IF(nRR2*GT.O) WRITE(6, 500) rmR2,W6(J0,9) ,WB(JO,10) 

100 COtmTTOE 

DO 120 JIL»l,NtJME 

K»0 

EB(JIL,12)«0.0 

EB(J1L,13)»0.0 

IF(ABS(SL0PSE-EB(JIL,4) ).LT.0.01) E«3 

IF(K.EQ.3) EB(JIL,10)»350* 

IF(K.EQ.3) GO TO 53 
EB(JIL,10) « (EB(JIL,5)-CEPTSE)/ 

(SL0P3E-EB(JIL,4)) 

53 COtrriNUE 

IF (ABS ( SLOPSW-EB ( JIL , 4) ) .LT. 0 . 0 1 ) K=4 

IF(K.E0.4) EB(JIL,7)-350. 

IF(K.E0.4) GO TO 54 
EB(JIL,7) - (EB(JIL,5)-CEPTSW)/ 
b (SLOPSW-EB (JIL, 4)) 

54 CONTINUE 

EB(JIL,9) - EB(JIL,4)*EB(JIL,10) + EB(JIL,5) 

EB(JIL,6) • EB(JIL,4)*EB(JIL,7) + EB(JIL,5) 

CALL FLAG (EB(JIL,2) ,EB(JIL,3) ,EB(JIL+1,2) ,EB(JIL+1,3) , 

5 EB(JIL,6),EB(JIL,7),EB(JIL,8)) 

C 

IF(EB(JIt,8) .GE.SWL0N.AND.EB(JIL,8) .LE.SSLONG) 

6 EB(JIL,12)-EB(J1L,8) 
lF(EB(JIL,8).Gt.O.O) EDGE3-EB(JIL,8) 
IF(EB(JIL,12).GT.O.O.AND.N3.EO.O) N3-JIL 

IF(EB(J1L,12).GT.O.O.AND.N3.GT.O.AND.U3.LT.JIL) NR3«J: 
IF(EB(JIL,12).GT.0.0.AND.NR3.GT.0.AND.NR3.LT.JIL) NPP‘ 
I IF(NRR3.GT.O) WRITE(6,500) NRR3,EB( J1L,6) ,EB(J1L, . ' 
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7360 CALL FLAG(EB(JIL,2),E8(JlL,3),EB(JtL+l,2),Efi(JIL+l,3)* 

73706 EB(JIL,9) ,EB(JIL, 10) ,EB(JlL,.ll) ) 

7380 IF(EB(J1L,11).GT.0.0) EDGE4-Efl(JIL,U) 

7390C 

7400 IP(EBUlL,lI).Gfi.SSLOMG.AND.EB(JIL,ll).LE.SELON) 

74106 E8(JIL,l3)-Efl(JlL,ll) 

7420 IF(EB(JIL*13).GT.O.O.AND.N4.EO.O) N4-JIL 

7430 lF(Efl(JlL,l3).Gf.O.0.ANI).N4.GT.0.Al«).N4.LT.JIt) NB4-J1L 
7440 IF(EB(JIL,13).Gt.0.0.Aln)*Nn4.GT.0.Ain).Mft4*Lf.JtL) Tmft4«‘JtL 
7450 iF(tW®4.Gt.O) WUf£(6,5G0) miR4,EB(JlL,9) ,EB(J1 l,10) 

7460 120 COtltlNtJE 

7470 lF(tJB(Nl,l)»l.T.O.O.OR«t^B(N3,l)*LT.O.O) 1REW*2 

7480 IF(EB(N2,1).LT.O.O.OR.EB(N4,1).LT.O.O) IREE»2 

7490C 

7500 I'mALF-StJLOB-SSLONG 

7510 IF(Kftl.GteO.OR.lJR3*GT.O) GO tO 250 

7520 lF(N3.GT.O.ANl)«Nl.fiQ.O) JIM«1 

7530 IF(J1M.EQ.1«A!ID.EB(K3,6).LT.EB(N3+1,2)) FRACW-ABS ( (EB (N3 , 1 2) - 

75316 S^JLOII) /WHALF) 

7532 IF(JDl.E0.1.A!n).fiB(N3,6).GE.EB(M3+l,2)) FRACW*1.-ABS((EB(N3,12)- 

75336 S!CON)/WHALF) 

7540 IF(N3.GT.O.AHD.Nl.GT.0) .tIM«2 

7550 IF(JIM.SQ.2) FRACW-a7B(Nl , l2)-RBfR3, 12) )/WHALF 

7560 IF(N3.E0.0»AND.N1,GT.0) J7M-3 

7570 IF(JHl.E0.3.AND.WB(Nl,6).LT.TTB(ni+l,2)) FRACW-ABS((WB(N1,12)- 

75716 SSLONG)/WftALF) 

7572 IF(JIM.EQ.3.AND.WB(Nl,6).GE.l-m(KRl,2)) FRACW»1.-ABS((WB(N1,12)- 

75736 SSLONO/WllALF) 

7590 IF(JI!4.EQ.3.AN0.IREl^.E0.2) FRACW=- ( (SWLON-WS(Nl , 12) ) 

76006 AOlALF) 

7610 IFCN3.EQ.0.AND.N1.EQ.0) jlM»4 

7620 IF(JIM.EQ.4.AND. (SSL0NG.LE.EDGE3) .AltD. (SI^LON.GT.EDC-El) ) FrACt:«l .0 
7630C 

7640 250 IF(NR1*GT.O.AND.WB(N1,4).GE.O.O) FRACW-ABS ( (WE(NR1 . 12W 

76416 17B(N1,12))A!HALF) 

7642 IF(NR1.GT.0.AND.WB(N1,4).LT.0.0) FRACT^-l ,-ABS( (WB(NRJ. , 1 2'- 

76436 1JB(N1,12))/WHALF) 

7644 lFOm3.GT»0.AND.EB(N3,4).LT.0.0) FRACW«ABS( (EB(NR3,12)- 

76456 EB(M3,12))/WHALF) 

7646 IFaiR3.GT.0.ANB,EB(>i3,4).GE.0.0) FRAOT«1.-ABS((EB(NR3,12>- 

76476* SB(N3,12))/WHALF) 

7660C 

7670C 

7680C 

7690 EHALP^SEI-ON-SSLOltG 

7700 IF(NR2.GT.O.OR.NR4,GT.O) GO TO 300 

7710 IF(N2.EQ.O.AJIO.N4.EQ.O) JEAN-1 

7720 IF(JEAN.EQ.1.AND. (SSL0NG.GT.EDGE2) .AND. (SEL0N.LE.E0GF41 ' .0 

7730 1F(N2.F.O.O.AND.N4.GT.O) JEAN-2 

7740 IF(JEAN.EQ.2.AND.EB(N4,P) .LT.EB(N4+1 ,2) ) FRACE-ABS (FB '”’4 , i ■”> - 
77416 SSLONG)/EHALF) 

7742 1F(.TEAI. .EO . 2 .AND . EB (N4 , 0) .OF .EB fN4+l , 2) ) FRACF- 1 .-AF"^ ( N4 , 

77436 13)-SSLONG)/EHALF) 
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» • 7760 If(JBAH.EQ.2.Ain)*mfi.£Q,2) FftACfi^ ((SELCW-tB(!l4,l3)) 

7770& /£«ALF) 

7780 lF(«2.Gt.O.AND.N4.«Q.O) JtA»-3 

7790 lf(JEA!».g0.3.A»D.WB(tl2,9)*GE.WB(N2+l,2)) FftACfi-A8S(aiB(H2,l3)- 

7791& SSLONG)/etlALF) 

7792 lF(JEAN.EQ.3.A!n).WB(N2,9).LT.ttB(N2+l,2)) FftACE*l«-ABS((tfB(N2» 

77934 13)-SSLOtlG)/EHALP) 

7800 IE(N2.GT.O,A!tt).E4.GT.O) JEAE-4 

7810 IF(JEAN.BQ.4) mc£-(E8(N4,l3)-t«(N2,l3))/EftALF 

7820C 

7830 300 IP(im2.0T.0.Al»D.WB(N2,4)*OE.0.0) PRACE*A»S(«IB(EE2,13)- 

78314 t«(H2,l3))/EHALP) 

7832 iP(ilR2.GT*0.AllD.WB(K2,4).Lt.0.0) PEACE«1.-AES((WB(!IE2,13)* 

78334 WB(N2,13))/£flALP) 

7834 lP(l«l4.GT.0*Ain).E3(N4,4).LT.0.0) FftACE*AaS((£8(NE4,l3)* 

78354 E8(N4,13))/BHALP) 

7836 IPam4.GT.O.AUI).EB(!t4,4).GE*0.O) PEACE-l.-AflS((E«(I«l4»13)- 

78374 ES(N4,13))/ERALF) 

7850C 

7860C 

7870 488 POIMAT(lftO,2(15,2X,P9.4),4(3X,I5)//) 

r 78?0C 

7890 500 FOBMAt(lH0,35!»E-ElltIlANT BOUIJDAEIES; TttlS Point is. 

79004 19tt TttlBD lKTEES£CtlON»2X,15,2(2X,P9.4)//) 

7910C 

7920 NO-2 

7930 IF(NO.EQ.2) GO tO 199 

7940 WRITE(6,188) 

7950 DO 130 XlL»l,NtJMW 

7960 WRltE(6,20C) C#TB(KIL,J) ,J«1,13) 

7970 130 CONTINUE 

7980C 

7990 WRITE( 6,488) N1,EDGE1,N2,EDGE2,NR1,NRR1,NR2,NRR2 

8000C 

8013c 

8020 WRITE(6,188) 

8030 DO 140 LIL-1,NUME 

8040 WRITE(6,200) (EBaiL,J), J-1,13) 

8050 140 CONtINOE 

8060C 

8070 WRITE(6,488) N3,EDGE3,N4,EDGE4,NR3,NRR3,NR4,NRR4 

S 8080C 

8C90C 
8100C 
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8110c WftlTfi (6,404) SLOt»fltt3t*CEPTfl«3t,SLOPSW,CEPtSW*SLOPBfiZ,CfiPTftEZ, 
8120C6 SECm,SECt6Z*SECf«2*SECTEX 
8130 404 F0M!At(l!t0,10(2X,P9.3)//) 

8140C 

8150 188 FORMAT (lH0,4X*4HtlNE,4X,3HLAT,4X,4HL0N0,l OX, 

8 160& 5HSLOFE, 4X,9t?I?rrsS.CE?T, 4X,61!t.’BO’:!T0 , 4X,4HWLO^:, 


81706 5X, 5H"-TLAG , SZieHEBOTlTO ,iX,iHr_C!:, 






8190 200 FOSMAKIH ,3(2X,F7^^',2(2X,?10.4) 

82006 ,2(2X,F8.4)*3X,F5.1,2</ F8.4) ,3X,3(2X,F5.1) ) 

8210C 


8220 GO TO 199 
8230 198 CONTtNOE 

8240C 


8230c 

8260C PRINT,” JUMP BACK FROM StlBROUTlNE ***** ** 

8270 199 CONTINtJE 
8230 RETURN 

8290 END 

8300C 
83. IOC 

8320 SUBROUTINE FLAG(BLAT1,BL0N1,BLAT2,BL0N2,SLAT,SL0N,PLAGGE) 
8330C 

8340C RESET TIC AND FLAGGE TO ZERO BEFORE NEXT CASE 
8350C 

8360 TIC-0.00 

8370 FLAGGE-0.00 
8380C 

8390C TEST TO SEE IF INTERCEPT MEETS LATITUDE TEST 
8400C 

8410 IF((StAT.GE.BLATl .A!U).SLAT.LE.BLAT2) .OR. 

84206 (SLAT.LE.BLAT1.AND.SLAT.GE.BLAT2)) TIC-2.00 
8430C 

8440C TEST INTERCEPT AGAINST LONGITUDE BOUNDARIES 
845DC 

8460 IF (TIC. GT. 1.00. AND. ( (SLON.GE.BLONl .AND.SLON.LE.BLOV2) .OR. 

84706 SLON.LE.BLON) .AND.SLON.GE.BLON2) ) PLAGGE-SLON 

8480C 

8490 RETURN 
8500END 


13)//) 


II. PROGRAM OUTPUT 


a. Sadipla SiAUlacion Output 

Munetous print options have been used to develop and utilize the flexibility of 
COASTCOVER to compare orblt/sensOt configurations and perform sensitivity analyses. 
Figure A<-1 Id A primary print option for final coverage tomputatlons. The key 
numbers in the sample output (A, B, C, etc.) are explained; the few that are 
not explained are either redundant or related to intermediate calculations needed 
for final answers. 

b. Tabular Budtmarles of Zone-by-ZoAe Simulation Results for Ten Cases 

Tables A-1 through A-40 list the pass-by-pasd coverage results of simulations for 
each target zone for the 10 otbit/sensor configurations (Cases I through IV, 

Table 5.2-1). 
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FIGURE A~l: SAKPLE OF COASTCOVER OUTPUT 
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Aj Fraction of outer swath in target zone 
B: Outer access swath width (hm) 

C: Width of target zone covered by outer access swath (km) 

D: Fraction of inner swath in target zone 

E; Inner access swath width (km) 

F: Width of target zone covered by inner access swath (km) 

G: Net target zone width accessible (km) 

H; Orbit time (minutes) , central angle (degrees) , and outer access swath 
width (km) 

J; Longitude and latitude of sub-satellite point and west and east outer 

access swath limits ^ 3 2 ,. 

K: West side (top number) and east side (bottom number) area i ir If) ICm ) 

viev/able during this time step 3.2 

L; West side, total, and east side viewable areas (in )0 im accumulated 
during this pass over the target zone 
M: West side or east side (maximum of top or bottom numbc’* f-om !: above) 

area viewed by po intable sensor during this time step and .n cumulation 
(middle number) of thi| po^ntable option during this pass over the 
target zone (all in 10 Km ) 

N: Area (in 10 Km“) accumulated during this repert cycle by a peintable sensor 

option not limited by the blind spot (i.e., no inner r-.-ath limit) 


TABLE A-1 

ORBITAL COVERAGE SIKULATIOK 



ASCENDIN& EAST/OESCENDIHG HEST: 




TABLE A-y 

ORBITAL COVERAGE SIt<UJLATION 



ASCENDING EAST/DESCENOING NEST: 


TABLE A-4 

ORBITAL COVERAGE SIMULATION 
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ORBITAL COVERAGE SIMUUTION 






TABLE A-8 

ORBITAL COVERAGE SIMULATION 



ASCENDING WEST/OESCENOING EAST; ** / C,’ 

ASCENDING EAST/DESCENDIKG WEST: ^ 


ORBITAL COVERAGE SIMULATION. 




TABLE A-10 

ORBITAL COVERAGE SIMULATION 
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NOTE ; All Coverage Figures are In '000 



ORBITAL COVERAGE SIMULATION 
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ORBITAL COVERAGE SIMULATION 
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ORBITAL COVERAGE SIMUUTION 




Oi^ailAL CJJ£SAGc ili-WLAflO:! 



ASCEflDinS EAST/DESCEfOIHS WEST; 


TABLE A-19 

ORBITAL COVERAGE SIMULATION 







TABLE A-20 

ORBITAL COVERAGE SIMUIATIOR 

CASE ~/7//| : / - DAY <f/v ISMATH Tb f L€ _ SENSOR 

TARGET ZONE; A^A^.KA 



ASCENDING NEST/OESCENOING EAST: 


TABLE A-21 

ORBITAL COVERAGE SIMUUTIOM 




Oftf-SIOE ONLY" SENSOR TOTALS: 

ASCENDING WEST/OESCENOING EAST: ^ 3 *7 

ASCENDING EAST/OESCENOIKG WEST: 37^2. 




ORBITAL COVERAGE SltlULATION 






TABLE A-25 

ORBITAL COVERAGE SIMULATION 



NO BLIND SPOT" SENSOR TOTAL: 7/ 7 

ONE-SIOE ONLY" SENSOR TOTALS: 

ASCENDING WEST/OESCENDING EAST: 4o f 

ASCENDING EAST/DtSCENDING WEST: 2 C 5 ^ 



TABLE A-27 

ORBITAL COVERAGE SIMULATION 



S3 ^ 

S5 M 










ORBITAL COVERAGE SIMUUTION 



ORBITAL CaVERASc SiHUUnON 
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ORBITAL COVERAGE SIMUUTION 



ASCENDING EAST/OESCENOING UEST: 


ORBITAL COVERAGE SIIVIUTION 

CASE . J) : / - DAY "rAJC’l , SWATH 7^'> / Ay rylAt { SENSOR 

TARGET ZONE: A / A -i^A 
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ASCENDING EAST/OESCENOING WEST: 


TABLE A-33 

ORBITAL COVERAGE SIMULATION 



4 



All Coverage Figures are In 1000 Km' 
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TAKLE A-36 

ORBliAL CQVERA6C SIMUUTIQE 
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NOTE: All Cowrage Figures, are In 1 
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Oiliplll MdrtitotlA^ 

tt* PBtBt CofftillOri 
Riift Hafttfen 

Oftivatsity of llhode Iflland 

lA this ptojeet# a total of 5 tuns wata dona* aaeh reiaas* 
inp 300*000 tnettie tens of Aadiom etada oil ovet a 30 day pat- 
iod. ¥he sutfaca pettion of the spill is taptesented by round 
circular puddles of oil called 'spillats*. fhara is ana spillat 
released every day over the 30 days* the plots which refer to 
spillet one refers to the spillat released at time equals rero. 
the subsurface part of the spill is tracked by outlining the 
area where the concentration anceeds 50 parts par billion. 

the base run consisted of a time step of three hours where 
the enviroraneAtal data (winds and currents) were entered every 
time step* the other runs used a time step of three hours biit 
entered the environmental data every 12 and 24 hours# respec- 
tively. tn two of these runs# the mapnitudes were averaped 
over the environmental time step and in the remaininp two runs, 
the value the bepinninp of the time step was used throuphout 
the environmental time step. 

It can be seen that the averapinp had little affect on 
the positions of the first spillet but takinp a discrete value 
at the bepinhinp Of the time step increased ^e distances be- 
tween the spillet for each case. Fipures 1 and 2 Show all 
three cases at 10, 20, 30 and 40 days. By 40 days the spillet 
reaches the edpe of the study area and thus does not move again. 
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ane filing U]^ at the edge of the atiidy area by day forty* the 
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time Step itt finvironmefttAl Data 
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nto - 3 HOUR riHE STEP 
SLUE -IS HOUR TtHE STEP 
SLACK-24 HOUR TlHE STEP 
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^iOfUte 2. Position of Splllat using Avetagsd Data 
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Flgufe 6. Suirface aftd Subsvirface Portions of Oilspill at 
Time Equals 20 Days. 
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Figure 10. Surface and Subsurface Portions of the Oilspillat 
Tilne Equals 20 Days. 
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Pigute 11. Sutface and Subsurface Portions of the oilspill at 
1*11116 Equals 30 Days. 
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Figure 14. Surface and subsurface Portiotis of the Oilepill at 
Time eguaie 20 Days. 
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figure 15. Surface and subsurface Portions of the 0ils{>ill at 
time fguais 30 Days. 
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BASSIVE REMOTE SENSING OF OFF-SHORE Pra.l.MVAir.T) 


I '-,';:: IS 
’ J vini! ^*I^\UTV 


INtftOOUCtlON 

tfi this. report we discuss satellite detection and monitoring of orr-shrre 
dumped pollutants, other than oil. Following EPA guidolinos, v;o divide 
the pollutants into four categories; 

9 acid waste 
d industrial waste 
a sewage sludge 
9 dredge material 

Off-shore dumps consist of material that sink, or at the veiy least do 
not remain on the water surface. Of the three portions of th'' spectrum, 
visible, infrared and microwave, only the first that penetrates the water 
can sense waste concentration. The major problem in the visible band is 
to get around weather and atmospheric haze. 

The results of the analyses in this report confirm the intuitive notion 
that all three satellite based sensors have the required sensitivity to 
do the job, but only the visible has sufficient spatial resolution. How- 
ever, none of the sensing techniques allow a clean cut extraction of the 
pollutant signature from the background. We assert that the problem of 
pollution monitoring is not a sensor problem but a problem of mathem iti- 
cal modeling and data processing . 

Part 1 of this report presents tables that suiflnarize EPA pollution moni- 
toring requirements, the significant parameters that should be measured 
and how well sensors in the three Spectral bands, visible, infrared, and 
microwave fulfill these requirements. Part 2, the bulk of the report 
gives all the calculations, trade-offs and limitations of the three Sen- 
sor syst«ns. 
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POLLUTAHT . . 

concentration must be 

COMCEffTRATION obtained from Pemrittoe 


II. SATELLITE PASSIVE SENSflKS 
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III. RECOMMENOEO MEASUREMENTS 
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Surface Teoverature NA Radiometric Temperature 

Absorption Diffuse Reflectance Spectral Emissivity 

Scattering Diffuse Reflectance NA 


UJ-- SENSOR FILTER SUMMARY 


sensor NAMEt 


HgftttASE: 


APPLICABLE MEASUREMEHT(S) : 


PtiTER A: IS THE RELATIONSHIP 

iMsroBskvABLE & MEASUREMENT 
WELL developed? 


filter B: is THERE SUFFICIENT 

SENSitWiTY FROM ORBIT? 


FILTER C: CAN THE SENSOR MEET 
ThI USfR PERFORMANCE REQUIRE- 
MENTS? 


FILTER D: ARE THE REQUIRED WT, 
VOL, & POWER COMPATIBLE WITH 
NEAR-TERM SATELLITE SYST^? 


2-Band Passive Visible RAdionietc 
(480 nw ± 15 nm ntn = lb 


LANOSAT D 
Radien^e Contrast 

Limited by weather and haze 


Yes 


Yes 


Yes 


SENSOR FILTER SUMMARY 


IV. 2 


SENSOR NAME: 


<h 


> ' : • f, IS 
• ri WAl'Y 


2*Band Passive IR Scanning Radlomotor 
(new sensor) (3.8uifl = lOfi, lO.Gvm = 10,0 


HERITAGE; 


Tetra Tech 2-wavelength radicniG'tor 


APPLICABLE MEASUREMENT(S); 


Themtedynaitilc Tempera tura cf Surf-rn 


filter A: IS THE RELATIONSHIP 
BETV&"0BSERVABLE & MEASUREMENT Yes 

WELL DEVELOPEDt 


filter 8: IS THERE SUFFICIENT Yes, with large focal plane cooled arrays 

SENSinVitY FROM ORBIT? 


FILTER C: CAN THE SENSOR MEET 
THE USTR- PERFORMANCE REQUIRE- 
MENTS? 


Not the required 30 m plume width. Spatial 
resolution is 100 m @ 10. Sum & 240 m O 3.8vn 


FILTER D: ARE THE REQUIRED WT* 
• VQL, Tp'OWER COMPATIBLE WITH 
NEAR-TERM SATELLITE SYSTEMS? 


Yes 


IV. 3 SENSOR FILTER SUMMARY 


SENSOR NAME: 


HERITA6E: 


AFRLICABLE MEASUREHENT(S); 


FILTER A ; IS THE RELATIONSHIP 
between observable & MEASURE- 
MENT WELL DEVELOPED? 


FILTER B: IS THERE SUFFICIENT 
SENSITIvm FROM ORBIT? 


Passive Microwave Scanning 
Radiometer (x - 1 cm) 

NASA LRC 

Sea Surface Slope Statistics 
Moderately well 

No 


FILTER G: CAN THE SENSOR MEET 

THE USER PERFORJ-1ANCE REQUIRE- No 

MENTS? 


FILTER D : ARE THE REQUIRED WT, VOL, 
a POWER COMPATIBLE WITH NEAR-TERM Yes 

SATELLITE SYSTEMS? 
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PART 2: SENSORS 


In the followlns we present the results of our trade-off between sensitiv- 
ity and resolution for three satellite based sensors 

« visible lrt»glng radiometer 
e Infrared scanning radiometer 
a microwave scanning radiometer 
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1.0 


OPTICAL RAOIOMETAY 


'll' p;»ofl QUALITY- 


Me have studied satellite sensors to Investigate the feasibility of see- 
ing low-contrast patterns In color on the sea surface.. The <'easil.1lltv 
divides Into two questions. First* what existing or plannotl sattviilte': 
provide a capability suitable for a demonstration. The short answer 
is that NASA LandSat 0 scheduled for launch 1r. 1963 should provide 351 
contrast in a 30 x 30 meter pixel, slightly smeared In the cros‘ track 
direction by limited electronic response time. 


The second question Is, What capability can be achieved In a satellite 
package optimized for pollution detection? in this case NASA's present 
radiometric methods are Inappropriate because they have traded off con- 
trast and resolution in order to achieve absolute radiometric calibration. 
If we forego absolute measurements, It Is possible to optimize for recog- 
nition of low-contrast patterns that represent spilled pollutant. This 
leads to a sensor that performs more like a low-light-level television 
systdn. 

The following sections address the two questions. The first describes 
the radiometer aboard LandSat D, and the second describes possibilities 
for a system dedicated to the pollution detection problem. 

1.1 LandSat D; Thematic Mapper 


This satellite carries a radiometer that scans a swath 100 nautical miles 
wide on the earth's surface. In the visible range of interest are two 
color bands, a blue-green one from 450 to 530 nm and yellow-orange from 
520 to 600 nm. Each band yies an array of 16 silicon photodiodes as de- 
tectors. A mechanical scanner sweeps the crosstrack direction while or- 
bital motion scans along track. 

The relevant properties of the LandSat D radiometer appear In Table 1 
along with the symbols used to denote these quantities In the equations 
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TAfite 1 : PftOPERTIES OF LandSat D 

Swath width: S - 18S km 
Altitude: H - 1 Hm 

Velocity* equivalent surface: V ■ 6,6 km/sec 
Detectors in array: N • 16 
Footprint (square pixel) site: a « 30 meters 
Dwell time: t lOusec 

Spectral radiance of the sea: ^ « 0*035 W/sr/m^/nm 

Filter pass. Band 1: b « 80 nm 

Telescope efficiency: n ® 0.2 

Aperture diameter: d « 40 cm 

Detector responsivlty: r « 0.6/ volt 

Thermal noise* spectral density: kT » 4 x 10“^^ watt/Hz 

(T « 290 kelvin) 

Electron's charge: e « 1.6 x 10’^^ coulomb 
Detector/ampllfler bandwidth: B » 50 kHz 
Noise resistance: R « 1.0 x 10® ohms 

(feedback resistor for transimpedance amplifier) 



tHat follow, 
swatfi width 


The area coverage rate is the product of velocity V by 


S: 


A - ys 


■ 1220 fati^/sec* 




oy VO' 


Ffofli this we derive the <h»ell time t that one of the 16 sensors inspects 
each pixel (6 by 6) on the sea surface: 


T = » lOusec 

Note that is the footprint of the N sensors on the earth surface. 

The scene (sea and air above It) has a certain radiance L {watt/m /sterad- 
ian) that is focused on the detector where power p produces current I: 


p * L (efficiency) (area) (solid angle) 

(solid angle) » (aperture area/altitude^) * :rd^/4H^ 

p * Ln6^ (ird^/4H^) 

£ « J ^ s 22.6 X 10"^^ (D 

The light detector is a silicon photodiode that converts electric current 
with typical responsivity R “ 0.6 antps/watt. To facilitate calculations 
that follow, we use one factor K to convert sea radiance to t’otector cur- 
rent I: 


Ks^.i 13.6 X 10'^^ in^sr/volt 

We shall estlsiate the noise current 1,^ In the detector and use K to con- 
vert It to a minimum detectable radiance (MOL) on the sea sr. r-ce: 

MDL • i„/K 


(3) 


I 


Two types of noise 11«i1t penforaiance of the system, shot and thermal 


(Johnson)* given by the following: 


i\ • Zelfi 

(Aa) 

i^ * 4kTB/R 

(4b) 


(B) 


Here R Is the load resistance across the photodiode* or the feedback 
resistance in. the case of a circuit with a transimpedance amplifier. 
Normally therual noise would limit the performance of a photodiode, 
but in this case NASA has used a newly developed sensor with a traos- 
impedance amplifier. The equivalent noise resistance is remarkably 
high, R = 10^ ohms. 

Substituting Eqs. 4a and 4b in 5, and using Eqs. 2 and 3 gives 

MOL » ^ (C^ + CgL) B (6) 


where 


and 


C., » 4kT/K^R Cg » 2e/K 

C^B * 4.35 X 10‘^ (W/m^/sr)^ 
CgB * 1.18 X 10'^ W/m^/sr 


(7) 


( 8 ) 


We have plotted Eq. 6 in Figure 1 in the form MOL/L, which is the mini- 
mum detectable contrast. One point on this curve is particularly sig- 
nificant at a radiance of • 2.8 W/m^/sr. This value is typical of 
scene radiance looking at open ocean (no clouds). The minimum detectable 
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contrast Is 3.U* and Its reciprocal Is. the slgnal-to-nolse ratio in 
tefflis of photocurtent namely 32. It happens that NASA has 

specified this same signal -to-noise ratio. at the same radiance In its 
contract with Hughes Santa Barbara Research center. The saturation 
radiance Is 10 H/m^/sr at which the specified signal -to-noise is BS, 
a bit higher than our estimate of 70 (reciprocal of 1.3S In Figure l). 

Me estimated the radiance of the sea by first averaging Its spectral 
radiance (see In Figures 12* 13 and 14 of ftoswell Austin's paper In 
Optical Aspects of Oceanography* edited by Jerlov and Nielsen and 
reproduced In the Appendix). The average spectral radiance » 

0.033 M/m^/sr/nm, multiplied by the filter pass band^ h * Bo nm, then 
gives the result we used: 

Lj « Ijb « 2.B M/m^/sr. (In the blue-green) 

the same graphs indicate that only 14S (a seventh) of the light comes 
from the sea surface; the rest is backscattered by air. Of the part 
from the sea, about a third Is surface reflection. Thus lot of the 
radiance at the radiometer Is light that has penetrated the sea. Pre- 
sumably this percentage Is improved by avoiding sun glint. 

Finally, the frequency response of the thematic mapper rolls off at 
B » 50kHz « 1/2t, and so the radiance In one pixel spills over a bit 
Into the next one or two pixels in the crosstrack scan direction. 

1.2 Dedicated Imaoino Sensor 

This section discusses a satellite package dedicated to those applica- 
tions In which the main problem Is to see low-contrast patterns. The 
best approach Is to use a laroe array of sensors to Increase the dwell 
time on each pixel (compared to LandSat D). An ordinary television 
camera has In effect an array of about 250,000 sensors occupying a total 
area of about one square Inch. It would be reasonable to assume a total 
photosensitive* area as Urge as 100 Cro^, which can be divided Into varl- 
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ou$ ruwrWfS pf pixels (TV lirtes) depending on the trade-off bet\/con con- 
tfdst end fe$ 0 lut 1 pn. If c(Wtton television camera tubes v"'re V 

of tfien iWttld be redUlVed-to achieve this area in each color band, i.e. 

SI for a tf1*cPlOf systsai. However « oversized tubes or son .2 other ad- 
vanced. so1 Id-State Image sensor would reduce the total numbo.- cf devices. 
Iiie Shall leave the guestlon of size open and denote the photosensitive 

area by a. 


A Wide swath is very desirable to catch as many breaks In tha clouds as 
possible. Me assume that the width equals the altitude, I.e. 


X *• H * 1 Mm 





as Shown In Figure 2. In the direction along track, the field of view 
is smaller to avoid excessive photosensitive area. 


a * xy 


( 10 ) 


(see Figure 2). If V denotes the dimension of the field of view along 
track, then the dwell time Is 

T-Y/V <”> 

It Will be advantageous to make this time as long as possible, even 
10 seconds or more, to average out clutter from the sea surface. This 
feature regulres some form of motion compehsation, but the result Is 
rewarding because it will very thoroughly remove statistical fluctua- 
tions in sun glint* and to some extent those due to patches of foam. 
Depending on sea state and wind, this can be a great advantage over 
previous NASA radiometers that essentially “freeze" the Instantaneous 
clutter In each pixel. 

Let us assume a fairly advanced system with fast optics, say a focal 
ratio of two: 
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(12) 


ouiginat.pag®“ 

OP POOR 


f/d * 2. 

# ^ . * 

Any fastec. optics would not.wor*k well with an interference filter to 
limit the band to ax • b* Equation 12 determlries the solid angle of 
rays into one point on the focal plane: 

c - (ir/4) (d/f)2 - ir/16 03) 


Apart from an optical efficiency factor n^, the image nas the s-^r.s iv;'**- 
ance as the object* namely 


where is the spectral radiance and b the filter bandwidth. Thus the 
nuffjber of photons, collected In the entire field of view Is 


* (Lj/hvlugan T 


(15) 


and the number in each pixel Is 

,2 


. w Vs aa^ 

% “-7r*TT “hT" ir 


(16) 


where Equations 9, 11. 13 and 15 have been used. 


the mean number of detection events in each pixel of the photosensitive 
surface Is 


q ^ 


(17) 


where n^ Is quantum efficiency, and the standard deviation In this num- 
ber Is 


A"d • 


(18) 


A29 


These equations combine to give’ the minimum detectable contrast 


1 


Aft J 

HOC - - 

<* 'S^.. 


(1 


Substituting 6q. U In 16 In. 19 gives 


MOC * 


li Jlv_ M. J- 


(2 


Curiously, the collecting- aperture d has dropped out of this expression 
because it Is tied to f through the focal ratio, Eq. 12, and to other 
factors through the geometry of figure 2. 


For plotting this expression. It Is convenient to put 

“ £ A 

where A Is the peak spectral radiance when the sky Is clear and the sun 
Is high. 


$ 

A » .035 W/m /sr/nm, 

and £ represents all environmental losses of Illumination due to sun 
angle, hydrometeors, or whatever. Finally w6 lump all losses of light 
together, whether In the environment or the equipment and put 

n • sn^n^i . 

For example, we might have 

optical transparency - .5 (mostly In the filter) 

20% aperture observation - .8 
detector quantum efficiency - .15 



sun angle • .S 

haze and Rayleigh scattering - .33 


product: n * .01 

In this forfn, Eq. (2) becomes 

* Vt m (23) 

Figure 3 shows MOC versus 5/a (6 in meters and /a In cm) with n as a 
parameter. 

For example* when 

a » 100 cm^ (10 by 10 detector surface), 

6 ** 30 ffl, n « IS 

then MDC *» 3.8 X lt)“^‘. 

Quite clearly this Is less than the natural contrast noise on the sea due 
to patches of foam, seaweed* windrows* and the like. Therefore, we desire 
a long dwell time on each resolution cell to average out these factors as 
much as possible. Equation 11 gives 

T • Y/V • (y/f) (H/V) (24) 


where we Have used 

Y/H • y/f (25) 

which results from similar triangles In Figure 2. The factor y/f In Eq. 

24 cannot In practice be made arbitrarily large to attain a long dwell 
nime because the motion compensation becomes nonl1n''*'r and complicated 
as the angles Involved grow large. It Is beyond the scope of this study 
to solve such details* but for the sake of Illustration, suppose 
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Mintmum Oetectabl-e' Contrast 


ai 



lod 200 

i 6 • resolutlcfl 
. a ■ detector i 


Figure 3. Mirtimum Od^ectable Coh 





y/f • 1/4, 


(26) 


Which ke6ps the angles quite small (< 7® » arctan y/2f). Then Eq. 24 
gives T • 3d sec, 4 nice long period that avorngos out nearly all foam 
statistics as well as sun glint. Moreover, using x ■ f (Figure 2) and 
xy ■ a (Eq. 10), we find that 

f * 2/a 

If a * 100 cm^ (previous example) then 

f » X * 20 cm 
y « a/x * 5 cm 
d « f/2 * 10 cm, 

all very small and reasonable. 


For the case of an aircraft platform, we have not plotted the MOC as in 
Figure 3 because It Is so small that It Is meaningless, I.e. the product 
VH In Eqs. 20 and 23 Is even smaller. However, the dwell time for aver- 
aging out clutter Is not as long. Assuming 

H « 3 km (9840 ft) 

V » 160 m/s 

Equations 86 and 24 give T * 5 sec, long enough to average out sun glint, 
but not much else. 


2.0 


INFRARED SCANNING RADIOMETRY . 


For our purposes, ''Iftfrared" flieafis wavelengths from 3 to 20um. Radiation 
from sea and clouds in this band consists almost entirely of thermal emis- 
sion, reflected and scattered su.il1ght being negligible. The so*called 
“photographic" Infrared, wavelengths near lum. Should bo classed with visi- 
ble light for our purposes, because this band is a component of sunlight, 
and so radlometry works only during the day« Within the band of interest, 
there are two particularly clear "windows", one at 10 . 6 vm and tho other 
at 3. Gum, as shown In Figure 4. The. 10. Bum band (9.6 to 11.6) Is the bet- 
ter for three reasons. First, it provides 200 timas as many photons, which 
overpower noise In the sensor and provide more sensitivity. Second, the 
long wavelength has minimum sensitivity to small particles, haze and such, 
because Rayleigh scattering decreases as x^. Finally, this window has the 
l 4 ast atmospheric absorption (from gasses and vapors) of any optical band 
(including visible and ultraviolet). 

When the radiometer looks vertically down at the sea . It provides an almost 
pure measure of the temperature of the sea surface uncorrupted by other fac- 
tors. Reflected skv radiance comprises only 1 or Z% of the signal at_1nci^- 
dence angle of 0 to 30°, but this Increases to lOOS at grazing Incidence; 
see Figure 5. The observed radiance originates very close to the surrace, 
the mean distances being 

;(3.8) » 60um «* 1.6X ^^ 7 ) 

;(10.6) ® Hum » Ix 

This means that the radiometer Is very sensitive to any floating pollutant, 
such as an oil spill that inhibits evaporation at the surface. Al_tho_vcrv, 
least, a coating changes the tempe r ature by 0.5K. which Is the, temperajti iro, 
change through the so-called conduction layer , approximately the top 1.5 mm 
of the sea. This Is a rela.ively large signal, but of course It Is diluted 
with the signal from normal water wherever the film Is thin and breaking up. 
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A sensitivity goal of one fiftieth this amount, 1.e. 10 mK Is probably ap- 
propriate. We show that an advanced satellite radiometer *5t 10.6vm can see 
a (100 m)^ resolution cell with this temperature sensitivity providing it 
has. 100 detectors In array. A radiometer at 3. Sum would, only resolve about 
(240 m)?. An airborne radiometer of the same design would be overkill, i.e. 
orders of magnitude excessive performance capability. 

We doubt if the infrared radiometer has much sensitivity to pollutants that 
mix into bulk water, for then the surface effect is very small. There may 
be exceptions when the sun Is shining on the water and the pollutant dis- 
colors it enough to raise the temperature by absorbing sunlight. Also, 
most chemicals release or absorb heat upon dilution* but this heat is a 
transient occurrence observable only when the dump is quite fresh. 

2.1 Slackbody Formulas 

The sea is very nearly a blackbody in the infrared with emissivity 

s = 1 - = .98 to .99 

0 0 

at normal incidence as discussed in connection with Figure S. Thus it is 
appropriate to express radiance in terms of the blackbody function B: 

L(x) » cB(x,T) power/area/steradian 

However, for reasons discussed in Section 2.3,* it is more appropriate to ex- 
press blackbody radiation in terms of photons instead of the traditional 
formulas for power. We denote this change by using the symbol Q instead of 
B: 


eB -► eQ, photons/sec/area/steradian 
We also denote spectral radiance with a subscript X: 
Q. ** Q/b, ph/sec/area/sr/ym 

A 


(28) 


wbfifd b Is the spectral bandwidth In mlcrortieters. 


In these terms i the Planck radiation formula Is 


( 29 ) 


where 


C 5 2c - 6.0E26 photons • uih^/sec/otvsr 

(30) 

= hc/k « 14388um • kelvin 
e 

Quantities useful for evaluating Epuations 28» 29* and 30 in the two bands 
0 - interest appear in table 2 above the dashed line. Those quantities in- 
volving temperature are evaluated at 295 kelvin. The choice of bandwidth 
b (fifth in the list) is governed by the need to avoid absorption lines in 
the air spectrum* Figure 4. 

In all infrared radiometers, it is traditional to express the observed radi- 
ance in temperature units, i.e. the temperature of a blackbody that would 
give the same radiance as the observed value. This is quite natural because 
radiometers are calibrated by looking at a blackbody at a known temperature. 
Thus we need a formula to express a radiance increment aQ in terms of the 
equivalent temperature increment: 

at * aQ/Q' 


where Q' 
siOn: 


3 Q/ 3 T. Differentiating Equation 29 gives the required expres- 





( 32 ) 


or with the aid of Equation 31. 


TABLE 2 

USEFUL radiometric Q '. 

,...ITIES 


evaluated at two wavelengths and T *• 

■ i Kelvin 


Quantity,, , _ 

Units 

3 .Sum 

10*6’'m_ 

CJ\ * hv/k 

kelvin 

sypf' 

1357 

Cg/XT « hv/kT 

(dimensionless) 

12. S3 

4.601 

Cq/X^ « 2c/X^ 

photons/s/m^/sr/um 

2.S8E24 

4.75E22 

(£q- 29 ) 

ph/ sec/m /sr/um 

7.67E18 

4.77E20 

b (suitable In air) 

urn 

0.6 

2.0 

Q(295,X) » 

ph/sec/m^/sr 

4.6E18 

9.5E20 

Q/Q' » kT^/hv 

kelvin 

23.0 

64.1 

(nomal Incidence) 

% 

2.40 

0.83 

RqQ/Q' 

mllllkelvln 

552 

/ 

532 

V 



note Only 4% — \ 


difference 
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(f ).f (^) 


(33) 


or 




(34) 


Th6 ratio Q/Q' for Equation 33 Is listed below the dashed line In Table 2. 


2.2 


Natural Background Fluctuation?. 


The last Item in Table 2 gives a particularly Interesting special case, 
the maximum effect that sky can have on the apparent temperature of the sea. 
Suppose the sky Is completely overcast, and a radiometer beneath the over- 
cast looks directly down at the sea. (or else a satellite radiometer looks 
through a small hole in the overcast) Also suppose that the temperature of 
the overcast is not too different from that of the sea. (A small difference, 
say 5K, does not matter much since the sky contributes only 1 or Z% of the 
radiance.) Then the sea and sky In effect form an isothermal enclosure, 
and the radiometer necessarily sees the thermodynamic temperature of both: 

^cloudy * 

But when the sky is clear 


Qcuar “ 

• Ocloudy - «cUar * 
and finally, using Equation 31, 

‘T • ^ ■ >*o f 540 «iK 


(35) 


440 


as listed in Table 2. If the sky is partly cloudy, then the teiftperature 
incfewient is 

aT(f) * f(RQQ/Q') 

where f Is the fraction of cloud cover. It 1s not easy to determine f 
accurately. Since the radiometer sees a blurred image of the sky in the 
wind-roughened sea* one cannot say exactly how much of the sky It is see- 
ing nor to what degree. If an estimate of f is In err o jii Q;^, then ^ h e^or- 
resoondlno error in temeerature Is 

at - 0.1 «* 50 mK, (^7) 

which is about the maximum natural noise leve l for broken_c1ou^, unless 
an auxiliary sky radiometer is used to make a correction. 

If radiometric temperature is measured at both 3.8 and lO.Svtn, then there 
are two Equations 36 Which in principle be solved for two unkno^vrts, water 
temperature and fractional cloud cover. But a curious coincidence occurs 
as" shown in Figure 6. The x and y axes represent the two unknovms, and 
the locus of possible values is plotted for each radiometric measurement. 
The intersection that fixes f and has such an extremely small angle 
th-t the solution is worthless in the presence of expected noise. 

If the two radiometric temperatures, T(3.8) and T(10.6). are substracted, 
then MU of the principal effects, i.e. and are eliminated and 
some other residual effect remains. We do not know what the principal con 
tribution is, but it is not roughness, as our computer simulations have 
shown. It may turn out that the residual is very sensitive to pollution. 
Perhaps it is the temperature difference resulting from different skin 
depths in the two bands. Equation 27. The thermal gradient from evapora- 
tion and heat conduction at the sea surface is T » aT/sz » .33 K/m, which 

gives 
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Water Tmpa*ature 


- T(3.8lini) • 295.000 



Fiji. 6. Atteiffipt td Find Seth Cloud Cover and Water Temperature using 
Radlomatrle Tefftperature at Two wavelengths 


(38) 


A.^T(3.8) ■ 20 m 
AgTdO.6) - 4 «K . 

If the sea .is net too.ea1«» say sea state 2 or greater* then the fluctua- 
tions due to clouds* oT « SOLniK* EOuation 37 occur over Urge distances, 
cOitiparabU to the altitude of the cioud because the cloud image in the sea 
is blurred over about ajradian. this may not interfere with the observa- 
tion of pollution plumes on a smaller scale* say a. few hundred meters. 

Over these distances the natural background noise has a variance spectrum 
given very roughly by 


«(3£*3 cycles/ffl) ** 8E-3 

4(0. 3. cycles/meter) « 2.3E-3 kV' 


(39) 


(linear interpolation (extrapolation) may be used for other frequencies). 
These values are very rough because they were derived from a 1 -dimensional 
cut through space time (a ship moving at a fixed speed) in a constant field 
of view, and so we could only assume that the fluctuations were frozen in 
the sea surface as the ship moved through. In a spacial bandwidth, av^ by 
AVy, the temperature variance is 

aT^ ■ 4dv Av (40) 

A Jr 

If we want the temperature variance in a (10 meter) resolution cell, it 
is reasons.. to take 

AVx • AVy - ]^^nieSrs * Cycles/meter (41) 

Then Eguatioh 40 gives 

at • X .05 m'^ - 4 mK (42) 


a much reduced natural background. 
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2.3 Radlcmeter S ensitivity^ 

A AaMIliW rAdloMWr must U flUlM sophlstleatad eoiaparad to an 
LidMtdr me tatelllte aenaor collecti relatively few photons from each 
^slX o.n Oh th. tea surface because of Its high altitude and short 
Uwell time. Me assume that the satellite radiometer employ, low-noise ^ 
Dllflers of the type used in LandSat 0 end discussed In section 1.1. In 
this case, the sensitivity Is limited by shot noise (photon 
wnich overpowers other sources of noise, mainly thermal noise In the ampl 
He“ Znsiderably ^re photons are received In the J'’«" ‘J’;’' 

lar radiometer for visible llpht.) We assume that the Infrared 
employs cold stops and a cold filter so that radiation from warm parts with- 
in the radiometer cannot reach the detector. Thus the only shot no se i 
that from the field of view. 

The performance of infrared detectors and radiometers “s tradUlonally b«n 
expressed In power units usinp figures of merit such as N6P. 0 and 0 . 
ever, since the shot noise limit Is both feasible and regulred. it Is approp- 
riate to bypass these quantities completely and discuss sensitiv ^ 

of photon statistics alone. It Is for this reason that the preceding fom,.- 
las were expressed in terns of photon flux Instead of power commencing with 

Equation 28. 

A straightforward range equation gives the number of photons collected from 
each resolution cell on the sea surface: 


/dwellN /cell\ / solid angl e subtended \ 
(iWy (aria) (^by radiometer aperture/ 


n • Q(t) (6^) 


(43) 


where d is apervure diameter and H the radiometer's altitude. The number 
of detection events per all 1S given by 
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rtg • nn^ 


(44) 


n is an overall efficiency that .Includes optical transparency, aper- 
ture obscuration, and detector efficiency, the last bc 1 n 0 the otriclency 
in convertinfl photons to charge carriers. 

Dwell time t depends on N^, the number of detectors In array; the wore there 
are, the wore time each detector can spend on one cell. Assuming an effici- 
ent scan pattern, 1,e.. each detector is alv^ys looking at a cell within the 
swath of interest, the dwell time Is 

^ area examined at any instant 
area scan rate 


T 



(45) 


where S denotes swath w^dth and V the platforw velocity. Substituting Equa- 
tion 45 into 43 Into 44 gives 


n 


e 


IT 


T 


nNjQ 

sv 



(46) 


2 

Note the extreme sensitivity to resolution 6. this is because a enters 
into both the emission area and the dwell time. 


Receiver sensitivity derives from the well known formula for the variance 
of photon (Poisson) statistics: 

(an^)^ ■ n^ (^7) 

Converting to radiometric temperature uncertainty at gives 



( 48 ) 
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whdfe Equitlon.47 w4$ used in. the first step* 46 In the second* end Equation 
33 In the last step. Solylng fo** 4T gives 





(«) 



(50) 


we have plotted this equation in Figure 31 in the fortn aT versus 6 w1 :h 
as a paraSieter. Even though At Is not very sensitive to we chose 
It as a variable because the number of detectors varies so greatly in dif- 
ferent arrays, all the way from 1 to 300 In a recent NASA development. 
Reasonable values assumed for other quantities are the following: 


T 295 kelvin 
Cg/xT, Q - see Table 2 
s * H • 1 Mm 
V « 6.6 km/sec 
n ^ 0.5 
d • 30 cm 


Figure 7 shows that a 100-element array at 10.6um (solid V ne) provides 100- 
meter resolution and 10 mtc sensitivity . At 3. Sum (dashed the perform- 

ance Is Marginal, and either sensitivity, resolution, or both have to be 
compromised, on the left side of the graph the dashed lines are discontinued 
where the assumption of shot-nolse-limlted performance begins to fall. 
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Klitinmn. Dfttectirfxle TemperatuF* Cbaoje, 


3.0 


MICROWAVE RAOr^lPTRY 


Wd foresee a tlmlted application of microwave radlornetry for pollution sons* 
ins from satellites! altnouph there may be some application from aircraft 
providing they fly beneath the clouds. The reasoning behind this conclusion 
fol lows. FI rst t the requirement for annular resolution forces the choice 
of a short wavelength on the order of x « 1 cm (P « 30 GHz). But the radlome* 
ter is> sensitive to clouds at this wavelength* and so its use on a satellite 
IS limited to areas with clear skys. Moreover, at these high frequencies, 
the .radiometer is quite Insensitive to sea temperature and conductivity (sal- 
inity)* as discussed later, the main sensitivity that remains Is surface 
roughness which Is of great Interest for detection and monitoring of oil 
slicks. 

However, the measurement of roughness puts radlometry Into direct competi- 
tion with radar scatterometry, which measures the same thing. Radar has 
most of the advantages: 

1. penetrates clouds 

2. high resolution available by range gating and Synthetic 

aperture 

3. no problem with reflected cloud radiance 

4. lower frequencies (e.g. L-band) usable If synthetic 

aperture used for angular resolution 

5. cross polarization data 

The only advantages for radlometry are: 

6. no transmitter power 

7. no clutter statistics (random Interference effects) 

In case of a satellite, Items 1 and 2 appear to be the driving factors. 

The cloud penetration (1) Is very Important because 70 to 80% of the ocean 
Is covered by clouds. Also resolution (Item 2) Is Critical In the satellite 


ca$d as w6 show 1ii Section 3.3. Item 3, problems with reflected cloud radi- 
ance Is severe because reflectivity is on the order of 502, depending on 
frequency and look angle. This may tip the balance In favor of radar even 
In the aircraft case. The fact that radar requires transmitter power and 
has problems with clutter statistics (Implied by Items 6 and 7) Is just some 
thing we shall have to work around. These matters are described In the fol- 
lowing Sections and summarized briefly In Table 3, a sort of 4-dlmensional 
microwave matrix that considers: 

e platform: satellite, aircraft 
e mode: active (radar), passive (radiometer) 

0 sky: clear, cloudy 

e sensitivity to water condition: roughness, salinity, 
temperature 

3.1 ftadlonmtric Temperature of Seawater 

The Intensity of radiation recovered 1n a microwave radiometer is custom- 
arily expressed as radiometric temperature T. This would be the same as 
thermodynamic temperature If the radiometer were pointed at a perfect ab- 
sorber, but seawater is not, and so a radiometer looking at the sea sees 
. c'^mplicated mix of water and sky radiance reflected from various direc- 
tions. The results in the case of a clear sky Is that the radiometric 
temperature depends very little on the water temperature except at _lo v/_ 
freQuencies , Stogryn [IEEE Transactions AP-15, p. 278 (Mar 67)1 confirms 
It in a classic paper, for F » 19.4 GHz (x ^ 1.5 cm), windspeeds 0 and 
7 m/sec and nadir angles 0 and 50°, as shown in Figure 8. Other Investi- 
gators have found similar results, o.g. a group at Texas A&M, Figures 9 
10, and 11. Figure 9 shows considerable dependence on sea temperatu re at 
9.3 GHz (X • 3.2 cm), but as discussed later, this frequency provides too 
little angular resolutions. Figures 9, 10, and 11 also show that the 
radiometer does not respond effectively to salinity, which might be Import- 
ant In some pollution studies. 
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Ftg. 8. Temperature of horltontally 
polarized radiation as a 
function of water temperature. 
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A iHlfit^ave radl 0 WBt 6 f lookifiq at the sea Is .sensitive to th e angle of the 
watBt* surface* and hence to wiftd that roughens th6 surface. This effect 
appears 1fi curves by Stogryn reproduced here as Figures 12, 13* and 14. 

3.2 Clouds 


Figures 12 and 14 show that tertiperature sensitivity on the order of 


AT « 1 Kelvin 

IS needed to sense small changes in surface roughness. This In turn limits 
the amount of Interference that can be tolerated from clouds. aT^. This 
Interference Is proportional to the fractional absorption A: 


^\lOud * ^**^c 

Assuming T • 300 Kelvin gives A • .003. comparing to Figure IS shows that 
even a light cloud causes appreciable interference at frequencies 10 GHz 
or higher. But frequencies this high (see Section 3.3) are required to 
attain reasonable angular resolution, and so the microwave radiometer, un- 
like radar, simply will not be very useful in seeing through clouds. 


Instrumental Limitations 


The sensitivity of a microwave radiometer to temperature changes Is given 

by 


where T (s the receiver noise temperature, B Its bandwidth, and -c the 
dwell time. The factor of 2 applies strictly to a Dicke radiometer, and 
varies slightly with other schemes used to stabilize the gain, the dwell 
time needed for Equation 1 depends on platform velocity V and geometrical 

factors : 
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Fl0. 12. Temperature 
of horlzofitally pol- 
arized radiation as 
a function of angle 
(upwind ease). 


1 . t . « . » > t < 1 I t — I — t — I 

t M i S M « » 5 w 


T-1 — I « I' «" " ( — * — r 




• « t<M 

• • t4«vite 



I Od*N . 

^ OC5 .M <CIOMWINO> 

^-^***‘ mcut>4 tulwa 


! I L 


Fig. 13. Temperature of 
vertically polarized 
radiation as a function 
of angle. 
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Fig. 14. Temperature of 
norizontalty polarized 
radiation as a function 
or wind speed. 
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• fasolutlon ai*6a 
* area search rate 


T - 6^/SV (S2) 

where $ H the swath width and a the dIntensiM of a resolution cell (pre- 
sumed square). At nadir,, the resolution Is approximately: 

6 « >.h/d * (53) 

where h Is altitude and d aperture diameter. This equation expresses a 
severe bind: x should be short for good resolution, but long to avoid 
excessive sensitivity to thin clouds or fog. The best one can do is use 
large apertures as listed In Table 4 along with as..umed x, h and resulting 
6. Tha value a ^ 1 km In the satellite column Is adequate for mapping a 
large oil spill, but too large for many smaller dumps. Other reasonable 
assumptions are listed in this table along with the results from Equations 
31, 52, and 53. These results show that the sensitivity is quite adequate. 
The real crunch Is in -resolution and sensitivity to clouds. 
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1 m 


j Km 


Altitude H 
Swath s • H 
velocity V 
Wavelength x 
Frequency F 
S ^ F/10 


1 MfR 


7 Wsec 
1 cat 
30 8M2 


3 6H2 


ApertuK dianieter d lOm • lOOOX 

Noise tefliperature 150K 


3 km 
160 Wt 
3 cw 
10 OHz 
1 OHt 

1 meter • 33x 
150IC 


hesults 



Resolution 6 

1 ktn 

100 m 

Dwelling time t 

I40ws 

.20 msec 

Sensitivity AT 

0.46K 

.067K 
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CufvftS of SpfiCtral Radiance 
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